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PEEFACE. 



In offering this little volume to the public, it may be desirable to 
say a few words, by way of preface, as to the object and character 
of the work. It has been written at the suggestion of the publisher, 
to accompany the Kudimentary Series^ and aa a first book on the 
A.rt of Building, intended for the use of young persons who are 
alK>ut to commence their professional training for any pursuit 
connected with the erection of buildings ; and, also, for the use 
of amateurs who wish to obtain a general knowledge of the sub- 
ject without devoting to it the time requisite for the study of the 
larger works that have been written on the different branches of 
construction. 

To avoid imnecessarily extending the limits of the work, those 
subjects are omitted which are treated of in other volumes of this 
series, as Building Stone, Brick-making, and the Composition of 
Colours and Varnishes. For the same reason little has been said 
of the manufacture of glass and the smelting of metallic ores, 
because they have been repeatedly treated of in various elemen- 
tary works, whilst a considerable space has been devoted to the 
consideration of the differences between hot and cold blast irons, 
and to the description of the operations of the iron-founder, 
subjects which are not generally to be met with but in expensive 
works. 

The equilibrium of retaining walls is a subject which has long 
engaged the attention of mathematicians with little practical 
success, the results arrived at by different eminent writers being 
quite at variance with each other. For the chapter on this sub- 
ject a few simple formulas are given, which embrace aJl the con- 
ditions of the thnist of the earth and of the resistance of the 
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wall, the friction of the earth against the back of the wall being 
also taken into account *, 

In the article on the strength of oast-iron flanged beams a 
simple rule is given for calculation, foimded on the assumption 
that the position of the neutral axis in a cast-iron rectangular 
beam, at the time of fracture, is at about fth of its whole depth 
below its top surface, which is now pretty generally admitted to 
be the case. Amongst various works, the following have been 
carefully consulted during the composition of this little work 
The publications of the Institution of Civil Engineers and of the 
Royal Institute of British Architects, Professional Papers of the 
Royal Engineers, Weale's Quarterly Papers on Engineering and 
Architecture, Weale's Bridges, the Works of Peter Nicholson, 
Gwilt's EncyclopaBdia of Architecture, Dr. Ure's Dictionary of 
Arts and Manufactures, Tredgold's Carpentry, the works of Pasley 
and Yicat on Limes and Cements, Aikin*s Papers on Arts and 
Manufactures, Barlow on the Strength of Materials, Tredgold and 
Hodgkinson on Cast Iron, and Bartholomew on Practical Specifi- 
cations ; all these works will be found extremely valuable to the 
student 

I have great pleasure in acknowledging the kind assistance of 
my friend Mr. H. W. Eibby, C.E., in the articles on the equili- 
brium of retaining walls, and on the strength of cast-iron beams ; 
to whom I am also indebted for the valuable notes appended to 
the article on retaining walls. 

The articles on Iron-Founding, Carpenter and Joiner's Work, 
and House-Painting, have been carefully revised by friends prac- 
tically encased in those pursuits. 

K DOBSON. 
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SBOTION L 
GENERAL PRINCIPLBS OP CONSTRUCTION. 

F0Uin>ATI0K8. 

1 Ik preparing the foundation for any building, there 
are two sources of failure which must be carefully guarded 
against: viz., inequality of settlement, and lateral escape 
of the supporting material ; and, if these radical defects can 
be guarded against, there is scarcely any situation in which 
a good foundation may not be obtained. 

2. Natural Foundations, — The best foundation is Sinatural 
one, such as a stratmn of rock, or compact gravel. If cir- 
cmnstances prevent the work being commenced from the 
same level throughout the ground must be carefully 
benched out, i.e. cut into horizontal steps, so that the courses 
may all be perfectly leveL It must also be borne in mind 
that all work will settle, more or less, according to the per- 
fection of the joints, and therefore in these cases it is best 
to bring up the foundations to a uniform level, with large 
blocks of stone, or with concrete, before commencing the 
saperstructure, which would otherwise settle most over the 
deepest parts, on account of the greater number of mortar 

B 
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joints, and thus cause unsightly fractures, as shown m 
Hg. 1. 

L 



X 




3. Many soils form excellent foundations when kept from 
the weather, which are worthless when this cannot be 
effected. Thus blue shale, which is often so hard when the 
ground is first opened as to require blasting with gun 
powder, will, after a few days* exposure, slake and run into 
sludge. In dealing with soils of this kind nothing is required 
but to keep them from the action of the atmosphere. This 
is best done by covering them with a layer of concrete, 
which is an artificial rock, made of sand and gravel, 
cemented with a small quantity of Ume. For want of this 
precaution many buildings have been fractured from top to 
bottom by the expansion and contraction of their clay 
foundations during the alternations of drought and mois- 
ture, to which they have been exposed in successive 
seasons. 

4. Artificial Foundations — Where the ground in its 
natural state is too soft to bear the weight of the proposed 
structure, recourse must be had to artificial means of sup- 
port, and, in doing this, whatever mode of construction be 
adopted, the principle must always be that of extending the 
bearing surface as much as possible ; just in the same way, 
that, by placing a plank over a dangerous piece of ice, a 
couple of men can pass over a spot which would not bear 
the weight of a child. There are many ways of doing this 
— as by a thick layer of concrete, or by layers of planking, 
or by a network of timber, or these different methods may 
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be combined. The weight may also be distr bated over tLe 
entire area of the fomidation by inverted arckes. 

6. The use of timber is objectionable where it cannot be 
kept constantly wet, as alternations of dryness and moisture 
soon cause it to rot, and for this reason concrete is very ex- 
tensively used in situations where timber would be liable to 
decay. 

6. In the case of a foundation partly natural and partly 
artificial, the utmost care and circumspection are required 
to avoid unsightly fractures in the superstructure; and it 
cannot be too strongly impressed on the mind of the 
reader, that it is not an unyielding, but a uniformly yielding 
foimdation that is required, and that it is not the amount, 
so much as the inequality, of settlement that does the mis- 
chief 

The second great principle which we laid down at the 
commencement of this section was — To prevent the lateral 
escape of the supporting material. This is especially neces- 
sary when building in running sand, or soft buttery clay, 
which would ooze out from below the work, and allow the 
superstructure to sink. In soils of this kind, in addition to 
protecting the smface with planking, concrete, or timber, the 
whole area of the foundation must be inclosed with piles 
driven close together; — this is called sheet-piling. 

An example of a wide-spread foimdation in soft ground 
is shown in fig. 2 (p. 4), which is a section of the foundation 
for the walls of the Leyden station of the Amsterdam and 
Kotterdam Eailway, built a.d. 1843.* The station stands 
upon such bad ground, that it was necessary to support the 
walls upon a kind of raft resting on oak piles. 

7. Where there is a hard stratum below the soft groimd, 
but at too great a depth to allow of the solid work being 
brought up from it without greater expense than the cir- 
cumstances of the case will allow, it is usual to drive down 



* From the " Minutes of Proceedings of the Institution of Civil 1^ 
gmeem," 1844. 
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woodon piles, shod with iron, until their hottoms are firmly 
fixed in the hard groimd. The upper ends of the piles ate 
then cut off level, and covered with a platform of timber od 
which the work is built in the usual way. 

Fig. 2. 




8. Where a firm foimdation is required to be formed in 
a situation where no firm bottom can be found within an 
available depth, piles are driven, to consolidate the mass, a 
few feet apart over the whole area of the foundation, which 
is surroimded by a row of sheet-piling to prevent the escape 
of the soil ; the space between the pile heads is then filled 
to the depth of several feet with stones or concrete, and the 
whole is covered with a timber platform, on which to com- 
mence the solid work. 

9. Foundations in Water, — Hitherto we have been describ- 
ing ordinary foundations ; we now come to those cases in 
which water interferes with the operations of the builder, 
oftentimes causing no little trouble, anxiety, and expense. 

Foundations in water may be divided under three heads: 
1st, Foundations formed wholly with piles. 2nd, Solid 
foundations laid on the surface of the ground, either in its 
natural state, or roughly levelled by dredging. Srdly, Solid 
foimdations laid below the surface, the ground being laid dr} 
by cofferdams. 
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10. Foundations formed wholly of piles. — The simplest 
foundations of this kind are those formed by rows of 
wooden plies braced together so as to form a skeleton pier 
for the support of horizontal beams ; and this plan is often 
adopted in building jetties, piers of wooden bridges, and 
similar erections where the expense precludes the adoption 
of a more permanent mode of construction ; an example of 
thig kind id shown in fig. 3. 
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In deep water the bracing of the piles becomes a difficult 
matter, and an ingenious expedient for effecting this was 
made use of by Mr. Walker, in the erection of the Otiso 
Bridge, on the Leeds and Selby Railway, a.d. 1840. This 
consisted in roimding the piles to which the braces are at* 
tached for a portion of their length, to allow the cast-iron 
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sockets in which they rest to descend and take a solid bear< 
ing upon the square shoulders of the brace-piles. After the 
brace piles were driven, the braces were bolted into their 
sockets and dropped down to their required position, and 
their upper ends were then brought to their places and 
bolted to the superstructure 

11. There is always, however, a great objection to the use 
of piles partly above and partly under water, namely, that, 
from the alternations of dryness and moisture, they soon 
decay at the water-line, and erections of timber require ex- 
tensive repairs from this cause. In tidal waters, too, they 
are often rapidly destroyed by the worm, unless great ex- 
pense is undergone in sheathing them with copper. 

To obviate the inconveniences attending the use oi 
timber, cast iron is sometimes used as a material for piles : 
but this again is objectionable in salt water, as the action of 
the sea-water upon the iron converts it into a soft substance 
which can be cut with a knife, resembling the Cumberland 
lead used for pencils. 

12. In situations where a firm hold cannot be obtained 
for a pile of the ordinary shape, such as shifting sand, 
Mitchell's patent screw-piles may be used with great ad- 
vantage. These piles terminate at the bottom in a large 
iron screw 4 ft in diameter, which, being screwed into the 
ground, gives a firm foot-hold to the pile. This is a very 
simple £tnd efficient mode of obtaining a foimdation where 
all other means would fail, and has been used in erecting 
light-houses on sand-banks with great success. The 
Maplin sand light-house at the mouth of the Thames, and 
the Fleetwood Lighthouse, at Fleetwood, in Lancashire, 
both erected a.d. 1840, may be instanced. 

13. An ingenious system of cast-iron piling was adopted 
by Mr. Tiemey Clark, in the erection of the Town Pier at 
Gravesend, Kent, a.d. 1834, in forming a foundation for the 
cast-iron columns supporting the superstructure of the T 
head of the pier. Under tJie site of each column wen 
driven three cast-iron piles, on which an adjusting plate vvas 
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firmly keyed, forming a broad base for the support of the 
column, which was adjusted to its correct position, and 
bolted down to the adjusting plate 

14. A kind of foundation on the same principle as piling 
has been lately much used in situations where ordinary 
piling cannot be resorted to with advantage. The method 
referred to consists in sinking hollow cast-iron cylinders 
until a hard bottom is reached. The interior of the 
cyUnder is then pumped dry, and filled up with concrete or 
some equally solid material, thus making it a soUd pier on 
which to erect the superstructure. The cylinders are made 
in lengths, which are successively bolted together as each 
previous length is lowered, the excavation going on at the 
bottom, which is kept dry by pumping. It often happens, 
however, in sinking through sand, that the pressiu-e of the 
water is so great as to blow up the sand at the bottom of the 
cylinder; and, when this is the case, the operation is car- 
ried on by means of a large auger, called a miser, which 
excavates and brings up the materials without the necessity 
of pumping out the water. The lower edge of the bottom 
length of each cylinder is made with a sharp edge, to 
enable it to penetrate the soil with greater ease, and to 
enter the hard bottom stratum on which the work is to rest. 
This method was adopted by Mr. Kedman in the erection 
of the Terrace Pier at Gravesend, Kent, finished a.d. 184S. 

15. Before closing our remarks on pile foundations, we 
must mention a very curious system of carrying up t 
foundation through loose wet sand, which is practised i» 
India and China, and is strictly analogous to the sinking of 
cast-iron cylinders just described. 

It consists in sinking a series of wells close together, 
vhich are afterwards arched over separately, and covered 
\rith a system of vaulting on which the superstructure is 
aised. The method of sinking these wells is to dig down, 
as far as practicable, without a Uning of masonry, or until 
water is reached; a wooden curb is then placed at the 
bottom of the excavation, and a bhck cylinder raised upon it 
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to the height of 8 or 4 ft above the ground. As soon m 
the work is sufficiently set, the curb and the superin> 
cumbent brick-work are lowered by excavating the ground 
under the sides of the curb, the peculiarity of the process 
being that the well-sinker works under water, frequently 
remaining submerged more than a minute at a time. 
These cylinders have been occasionally sunk to a depth of 
40 ft 

16. Solid Foundations simply laid on the Surface of the 
Ground. — Where the site of the intended structure is per- 
fectly firm, and there is no danger of the work being under- 
mined by any scoiur, it will be sufficient to place the mate- 
rials on <he natural bottom, the inequalities of surface being 
first removed by dredging or blasting. 

17. Pierre perdue, — The simplest mode of proceeding is 
to throw down masses of stone at random over the site of 
the work until the mass reaches the surface of the water, 
above which the work can be carried on in the usual mai^ 
ner. This is called a foimdation of **pierre perdue^** or 
random work, and is used for breakwaters, foundations of 
sea-walls, and similar works. Plymouth breakwater is an 
example on a large scale. 

18. Coursed Masonry, — Another way, much used in har- 
bour work, is to build up the work from the bottom (which 
must be first roughly levelled) with large stones, carefully 
lowered into their places; and this is a very successful 
method where the stones are of sufficient size and weight 
to enable the work to withstand the run of the sea. The 
diving-bell affords a ready means of verifying the position of 
each stone as it is lowered. 

19. Beton.— On the Continent foimdations underwater 
are firequently executed with blocks of beton or hydraulic 
concrete, which has the property of setting under water. 
The site of the work is first inclosed with a row of sheet 
piling, which protects the beton firom disturbance, until it 
has set This system is of very ancient date, being de- 
scribed by Vitruvius, and was practised by the Romans, who 
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have left us many examples of it on the coast of Italy. The 
French engineers have used heton in the works at Algiers, 
in large blocks of 324 cubic feet, which were floated out 
and allowed to drop into their places from slings. This 
method, whicn proved perfectly successful, was adopted in 
consequence of the smaller blocks first used being displaced 
and destroyed by the force of the sea 

20. Caissons. — A caisson is a chest of timber, which is 
floated over the site of the work, and, being kept in its 
place by guide pUes, is loaded with stone until it rests 
firmly on the giound. The masonry is then built on the 
bottom of the caisson, and when the work reaches the level 
of the water the sides of the caisson are removed. 

This method of building has been much used on the 
Continent, but is not much practised in this coimtry. West- 
minster Bridge, London, is a noted instance of its failure. 
The bottom of the river has been scotu'ed out to a depth oi 
several feet since the erection of the bridge; and the 
foundations of the piers remained in a dangerous state 
until they were secured in the recent repairs by driving 
sheet-piling all round them, and underpinning the portions 
which had been undermined. 

21. An improvement on the above method consists in 
dredging out the ground to a considerable depth, and put- 
ting hi a thick layer of beton on which to rest the bottom of 
the caisson. 

22. There is a third method of applying caissons which 
is practised by our continental neighboinrs, and which is 
firee fi'om the objections which commonly attend the use of 
caissons. A firm foundation is first formed by driving piles 
a few feet apart over the whole site of the foundation. The 
tops of the piles are then sawn off under water, just enough 
above the ground to allow of their being all cut to the same 
leveL The caisson is then floated over the piles, and, when 
in its proper position, is sunk upon them, being kept in its 
place by a few piles left standing above the others, the 
water being kept out of the caisson by a kind of well con- 
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Btructed round each of these internal guide piles, which are 
built up into the masonry This method of building in 
caissons on pile foundations is shown in figs. 4 and 6. The 

Fig, A. 



^2 
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piers of the Pont du Val Benolt at Liege, built a.d. 1 842 
which carries the railway across the Meuse, have been built 
on pile foundations in the manner here described. 

Fig. 6. 







Q3. Solid Foundations laid in Cofferdams. — There are 
many circumstances under which it becomes necessary to 
lay Ihe bottom dry before commencing operations. This is 
done by inclosing the site of the foundation with a water- 
tight wall of timber, from within which the water can be 
pmnped out by steam power or otherwise. Sometimes, in 
shallow water, it is sufficient to drive a single row of piles 
only, the outside being protected with clay, as shown in 
fig. 6 ; but in deep water two or even foiu* rows of piles will 
be required, the space between them being filled in with 
well-rammed puddle, so as to form a solid water-tight masa 
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See fig. 7 ) The great diflficulties in the construction of a 
cofferdam are — Ist, to keep it water-tight; and, 2nd, to 
support the sides against the pressure of the water outside, 
which in tidal waters is sometimes so great as to render it 
necessary to allow a dam to fill to prevent its being 
crushed 
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24. In order to save timber, and to avoid the difficult) 
of keeping out the bottom springs, it has been proposed by 
a French engineer, after driving the outer row, to dredge 
out the area thus inclosed, and fill it up to a certain height 
with beton. The cofferdam is then to be completed by 
driving an inner row of piles resting on the beton, and pud- 
dling; between the two rows in the usual manner ; and the 
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masoniy is earned up on the b^ton foundation thus pre 
pared. This construction is shown in fig. 8. 




26. The limits of the present volume prevent our enter- 
mg into any detail as to the preparation of concrete and 
beton, the methods in use for driving piles, and the con- 
struction of cofferdams : the reader who wishes to piu*sue 
the subject further is referred to the volume of this series 
on " Foundations and Concrete Works," where he will find 
a detailed description of these operations. 

RETAINING WALLS. 

26. The name of retaining wall is applied generally to aU 
walls built to support a mass of earth in an upright or 
nearly upright position ; but the term is, strictly speaking, 
restricted to walls built to retain an artificial bank, those 
erected to sustain the face of the sohd ground being called 
breast walls, (See fig. 9.) 

27. Retaining Walls. — Many rules have been given by 
different writers for calculating the thrust which a bank of 
earth exerts against a retaining wall, and for determining 
the form of wall which affords the greatest resistance with 
the least amount of material. The application of these 
rules to practice is, however, extremely difficult, because we 
have no means of ascertaining the exact manner in which 
earth acts against a wall ; and they are, therefore, of littio 
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value except in determining the general principles on 
which the stability of these constructions depends. (See 
Note A, p. 165.) ^ ^^ 




as. The calculation of the stability of a retainiDg wail 
divides itself into two parts. 

1st The thrust of the earth to be supported. 

2nd. The resistance of the wall. 

29. Definitions (see fig. 10). — The line of rupture is that 
along which separation takes place in case of a slip of earth. 

-F^. 10. 




The slope which the earth would assume, if left totally un< 
supported, is called the natural slope, and it has been found 
that the line of rupture generally divides the angle formed 
by the natural slope and the back of the wall into nearly 
equal parts. 

The centre of pressure is that point in the back of the waD 
above and below which there is an equal amount of pres- 
sure ; and this has been found by experiment and calcula- 
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tion to be at |rds of the vertical height of the wall from its 
top. 

The wall is assumed to be a solid mass, incapable of 
sliding forward, and giving way only by turning over on its 
front edge as a fulcrum. In the annexed diagrams the 
foundations of the walls have, in all cases, been omitted, 
to simplify the subject as much as possible. The tenn 
slope in the following investigation is used as synonymous 
with the expression line of rupture, 

30. Amount and Direction of the Thrust. — There are two 
ways in which this may be calculated: — 1st, By consi- 
dering the earth as a solid mass sliding down an inclined 
plane, all slipping between the earth and the back of the 
wall being prevented by friction. This gives the minimum 
thrust of the earth 2nd, By assuming the particles of 
earth to have so little cohesion, that there is no friction 
either on the slope or against the back of the wall. This 
method of calculation gives the maximum thrust 

The real thrust of any bank will probably be somewhere 
between the two, depending on a variety of conditions which 
it is impossible to reduce to calculation ; for, although we 
may by actual experiments with saud, gravel, and earths of 
different kinds, obtain data whence to calculate tlie thrust 
exerted by them in a perfectly dry state, another point must 
be attended to when we attempt to reduce these results to 
practice, viz. the action of water, which, by destropng the 
cohesion of the particles of earth, brings the mass of mate- 
rial behind the wall into a semi-fluid state, rendering its 
action more or less similar to that of a fluid according to 
the degree of saturation. 

The tendency to slip will also very greatly depend on the 
manner in which the material is filled against the wall. If 
the ground be benched out (see fig. 9), and the earth well 
punned in layers inclined from the wall, the pressm*e will 
be veiy trifling, provided only that attention be paid to sur- 
face and back drainage. If, on the other hand, the bank be 
tipped in the usual manner in layers sloping towards the 
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v^all, the fiill pressm*e of the earth will be exerted against it, 
and it must be made of corresponding strength. 

31. Calcidation of Minimum Thrust. — The weight of the 
prism of earth represented by the triangle ABC, fig. 10, 
J*^. 11. ^11 bo directly as the breadth 

AC, the height being constant; 
and the inclination of B C re- 
maining constant, but the height 
vaiying, the weight will be as the 
square of the height. If, there- 
fore, we call the weight of the 
prism ABC, W, the breadth 
A C, 6, the height A B, h, and the 
specific gravity of the earth, «, we 

shall have W = ^Ai If we call the thrust of W m the 

direction of the slope, W^ then (neglecting friction), on the 
principle of the inclined plane, W will be to W' as the 
length of the incline is to its height ; or, calling the length 
B C, I, then 

The effect of the weight of the prism A B C to overturn the 
wall will be as W multiplied by the leverage E F, fig. 11, 
found by letting fall the perpendicular E F, from the front 
edge of the wall, upon D F, drawn through the centre of 
pressure in a direction parallel to the slope. When D F 

• The yalne of W here given will increase with the length of A C in s 

constantly decreasing ratio, never exceeding ■ — supposing the back of the 

2 
wall to be npright. But in practice the friction must always be taken into 
consideration ; and, as this increases directly as A 0, there will be a limit at 
which the thrust and the resistance balance each other, this limit being the 
natural slope ; and, as the thrust and the resistance increase with the length 
of A C in different ratios, there will be a point at which the effective thrust 
is greatest, or, in other words, a slope of maximum thrust which determinei 
the position of the line of ruptures. 
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passes through E, then EF=0, and the thrust has no 
tendency to overturn the wall ; and, when D F falls within 
the base of the wall, E F becomes a negative quantity, the 
thrust increasing its stability. Calling the overturning 
thrust T, we have 

T=WxEF=^-i^''^,^^. 

the value of E F * depending on the inclination of the slope 
and the width of the base of the wall 

82. Calculation of Maadmum Thrust. — If we consider 
the moving mass to slide freely down the slope, and the 
friction between the earth and the back of the wall to be 
so slight as to be inappreciable, then the prism ABC will 
act as a wedge, with a pressure perpendicular to the back of 
the wall, which will be the same whatever the inclination 
of B C, the height and inclination of the back of the wall 
being constant, and as the square of the height where the 
height varies, the pressure being the least when the back of 
the wall is vertical ; for calling the pressure P, and drawing 
A I, fig 12, perpendicular to B C, we have, on the principle 
of the wedge, 

AI.AB..W-P-^^-^=^^^^^^A_B 

and by construction 6 A =Z A I, as they are each equal to 
twice the area of the triangle ABC; therefore, by substi- 
tution, 

Iklhs X AB ha X kB 
^= 2ZAI "" 2 

The effect of the prism A B C to overturn the wall will be 
P multiplied by the leverage E F,t which will be found by 

•EP=ix — -EB^and 

r=W'xKF=i|L'xi(|-BB)-»|;ix(|-RB> 

t Calling the angle X A B = / 

illA^=ico8ec/±:EBcoB.A . . 

A B 8 ^^« 
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drawing D F, fig. IS, at right angles to the back of tha 
wall through the centre of pressure, and making £F 

Fig, 12. Fig. 18. 

X A C 




perpendicular to it ; then calling the overturning thrust, aa 
before, T, 

T = PxEF = ^^^52iAl2iZZ 

When DF passes through E, then EF=0, and the thrust 
has no tendency to overturn the wall; and, if DF falls 
within the base, the thrust will increase its stability. When 
the back of the wall is vertical, then 



A B = ^ and E F 



JandT = ?Jf. 
3 6 



83. These results show that, where the friction of the 
earth against the slope and the back of the wall is de- 
stroyed by the filtration of water, the action of the earth 
will be precisely similar to that of a column of water of the 
height of the wall. The pressure upon the side of any ves- 
sel is the half of the pressure that would take place upon 
the bottom if of the same area. Now, calling the specific 
gravity of the water 8, the pressure upon the bottom, sup* 



And T = P X B P = 






AB,^ B B . A X 



AB 



)= 



B B . A X 1 



The positiye sigp in to be used when the back of the wall leant backwards ; 
the negative, when h leans forwardg. 
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posing its length to be A B, would hehsAB; Uiereforo the 
pressure upon the side will be 

Ai^;andT=PxEF = ?^iA5-EF. 

And, where the back of the wall is vertical, then 

AB = ^andEF = -as above. Therefore 
3 

_ h'a hT's h hU 

P = -^andT=-^X3=-; 

which results are precisely the same as those arrived at 
above. 

34. Resistance of the Wall, — Considering the wall as a 
solid mass, the effect of its weight to resist an overturning 
thrust will be directly as the horizontal distance E H from 
its front edge to a vertical line drawn through G, the centre 
of gravity of the wall, fig. 13 ; or calling the resistance R, 
and the weight of the wall w, then B,=w x E H. EH will 
be directly as E B, the proportions of the wall being con- 
stant; therefore a wall of triangular section will afford 
more resistance than a rectangular one of equal sectional 
area, the base of a triangle being twice that of a rectangle 
of equal height and area. 

If the wall be built with a curved concave batter, fig. 14, 
E H will be still greater than in the case of a triangular 
wall of equal sectional area ; and, 
if the wall were one solid mass 
incapable of fracture, this form 
would offer more resistance than 
the triangular. But, as this is 
not ihe case, we may consider 
any portion of the wall cut off 
from the bottom by a level line 
to be a distinct wall resting upon 
the lower part as a foundation. 
Imagine A^^ to be a complete wall capable of turning 
upon « AS a fulcrum. The resistance would be considerably 
less than that of the corresponding portion of a triangular 
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wall. In the case of a triangular wall the proportions of 
the resistance to the thrust will be the same throughout its 
height In the case of a rectangular one, the resistance 
will bear a greater proportion to the thrust, the greater tlie 
distance from the bottom. In the case of a wall with a 
concave curved batter, the reverse of this takes place. 

The value of E H will be greatest when E H=E B, the 
wall will be then exactly balanced on H ; but in practice 
this limit should never be reached, for fear the wall should 
become crippled by depending on the earth for support 
The value of E H will be least when H coincides with E, 
which opposite limit also is never reached in practice — for 
obvious reasons — as the wall would in this case overhang 
its base, and be on the point of falling forward. 

86. The increased leverage is not the only advantage 
gained by the triangular form of wall. In the foregoing 
investigation, we have considered the wall as a solid mass 
turning on its front edge. Now, practically, the difficulty is 
not so much to keep the wall from overturning as to pre- 
vent the courses from sliding on each other. 

In an upright wall built in horizontal courses, the chief 
resistance to sliding arises from the adhesion of the mortar; 
but, if the wall be built with a sloping or battering face, the 
beds of the courses being inclined to the horizon, the re- 
sistance to the thrust of the bank is increased in proportion 
to the tendency of the courses to slide down towards the 
bank ; thus rendering the adhesion of the mortar merely 
an additional security The importance of making the 
resistance independent of the adhesion of the mortar is 
obviously very great, as it would otherwise be necessary to 
delay backing up a wall until the mortar were thoroughly 
set, which might require several months. 

36. The exact determination of the thrust which will be 
exerted against a wall of given height is not possible in 
practice ; because the thrust depends on the cohesion of 
the earth, the dryness of the material, the mode of backing 
up the wall, and other conditions which we have no means 
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of Ascertaining. Experience has, however, shown that the 
base of the wall should not be less than one-fourth, and 
the batter or slope not less than one-sixth of the vertical 
height, wherever the case is at all doubtful 

37. The results of the above investigation are illustrated 
in figures 16, 16, 17, 18, and 19, which show the relative 
sectional areas of walls of different shapes, that would be 
required to resist the pressure of a bank of earth V^ feet 
high. 

Fig. 15. 
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The first three examples are calculated to resist the 
maximum, and the fourth, the minimimi, thrust; whilst 
the last figure (fig. 19) shows Uie modified form usually 
adopted in practice. 

38. It is sometimes necessary in soft ground to protect 
the toe or firont edge of a retaining wall with sheet-piling, 
to prevent it from bemg forced forward ; this is shown in 
fig. 9. 
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Fig. 19. 




89. Counterforts. — Retaining walls are often built with 
eonnterforts, or buttresses, at short distances apart, which 
allow of the general section of the wall being made lighter 
than would otherwise be the case. The principle on which 
these counterforts are generally built is, however, very de- 
fective, as they are usually placed behind the wall, which 
frequenUy becomes torn from them by the pressure of the 
eartii. The strength of any retaining wall would, however, 
be greatiy increased were it built as a series of arches, 
abutting on long and thin buttresses ; but the loss of space 
that would attend this mode of construction has effectually 
prevented its adoption except in a few instances. 

40. Breast Walls. — ^^Where the ground to be supported is 
firm, and the strata are horizontal, the office of a breast 
wall is more to protect, than to sustain the earth. It should 
be borne in mind that a trifling force, skilfully applied to 
imbroken ground, will keep in its place a mass of material 
which, if once allowed to move, would crush a heavy wall ; 
and, therefore, great care should be taken not to expose the 
newly opened ground to the influence of air and wet for a 
moment longer than is requisite for sound work, and to 
avoid leaving the smallest space for motion between the 
back of the wall and the ground. 

41. The strength of a breast wall must be proportion- 
ately increased when the strata to be supported incline 
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towards the wally as in fig. 20 : where they mcline from it 
the wall need be little more than a thin facing to protect 
the gromid from disintegration. 




ItrtO 



42. The preservation of the natural drainage is one of 
the most important points to be attended to in the erection 
of breast walls, as upon thu their stability in a great mea- 
sure depends. No rule can be given for the best manner 
of doing this ; it must be a matter for attentive considera- 
tion in each particular case 

ARCHES. 

43. An arch in perfect equilibrium may be considered as 
a slightly elastic curved beam, every part of which is in a 
state of compression, the pressure arising from the weight 
of the arch and its superincumbent load being transmitted 
to the abutments on which it rests in a curved line called 
tlie cm-ve of equilibrium, passing through the thickness of the 
arch. 

44. The wedge-shaped stones of which a stone arch is 
composed are called the voussoirs. The upper surface of an 
arch is called its extrados, and the lower surface its intrados 
or soffit {see fig. 21). Theoretically, a stone arch might give 
way by the sliding of the voussoirs on each other ; but in 
practice the friction of the material and the adhesion of the 
mortar is suflBcient to prevent this, and failure takes place 
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in the case of an overloaded arch by tbo voussoirs turning 
oil their edges. 

Fig. 21, 




46. The curve of equilibrium will vary with the rise and 
bpan of the arch, the depth of the arch stones, and the dis- 
tribution of the load, but it will always have this property, 
namely, that the horizontal thrust will be the same at every 
part of it. In order that an arch may be in perfect equili- 
brium, its curvature should coincide with that of the cinrve 
of equal horizontal thrust; if, from being improperly de- 
signed or unequally loaded, this latter ciure approaches 
either the intrados or the extrados, the voussoirs will be 
liable to fracture from the pressure being thrown on a very 
small bearing siuface ; and if it be not contained within the 
thickness of the arch, failure will take place by the joints 
opening, and the voussoirs turning on their edges. 

46. The manner in which the curve of equilibrium is 
affected by any alteration in the load placed upon an arch 
may readily be seen by making an experimental equihbrated 
arch with convex voussoirs, as shown in fig. 21. When 
bearing its own weight only, the points of contact of the 
voussoirs will lie wholly in the centre of the thickness of 
the arch ; when loaded at the crown, the points of contact 
trill approach the extrados at the crown, and the intrados 
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at ihe haunches; and, if loaded at the haunches, the re- 
verse effect will take place. 

47. If a chain be suspended at two points, and allowed 
to hang freely between them, the curve it takes is the curve 
of equilibrium of an arch of the same span and length on 
soffit, in which the weights of the voussoirs correspond to 
the weights of the links of the chain, and would be pre- 
cisely the same as that marked out by the points of contact 
of the cinrved voussoirs of an experimental arch of the same 
dimensions built as above described. 

48. In designing an arch, two methods of proceeding 
present themselves : we may either confine the load to the 
weight of the arch itself or nearly so, and suit the shape of 
the arch to a given curve of equilibrium, or we may design 
the arch as taste or circumstances may dictate, and load it 
until the line of resistance coincides with the curve thus 
determined upon. 

The Gothic vaults of the middle ages were, in a great 
measure, constructed on the first of these methods, being 
in many cases only a few inches in thickness, and the cur- 
vature of the main ribs coinciding very nearly with their 
curves of equal horizontal thrust. We have no means of 
ascertaining whether this was the result of calculation or 
experiment ; probably the latter, but the principle was evi- 
dently understood. 

At the present day, the requirements of modem bridge 
building often leave the architect little room for choice in 
the proportions of his arches, or the height and inclinations 
of the roadway they are to carry; and it becomes necessary- 
to calculate with care the proportion of the load which each 
part of the arch must sustain, in order that the curve of 
equilibrium may coincide with the cuiTature of the arch 

49. The formulse for calculating the equilibration of an arch 
are of too intricate a nature to be introduced in these pages ; 
but the principles on which they depend are very simple 

Let it be required to construct a stone arch of a given 
curvature to support a level roadway, as shown in ^g, SI 
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fluid to find the weight with which each course of voussoira 
must be loaded to bring the arch into equilibrium. 

Draw the centre line of the arch to a tolerably large scale 
in an inverted position on a vertical plane, as a drawing 
board, for instance, and from its springing points a, d, sus- 
pend a fine silk thread of the length of the centre line 
strung with balls of diameter and weight corresponding to 
the thickness and weight of the voussoirs of the arch ; then 
firom the centre of each ball suspend such a weight as will 
bring the thread to the curve marked on the board, and 
these weights will represent the load which must be placed 
over Uie centre of gravity of each of the voussoirs, as shown 
by the dotted lines, in order that the arch may be in equi- 
librium. 

To find what will be the thrust at the abutments, or at 
any point in the arch, draw a c, touching the curve, the ver- 
tical line a 6 of any convenient length, and the horizontal 
line b c, then the lengths of the lines a c, a 6, and h c, wiU 
be respectively as the thrust of the arch at a, in the direc- 
tion a c, and the vertical pressure and horizontal thrust into 
which it is resolved ; and the weight of that part of the 
arch between its centre and the point a, which is repre- 
sented by a fc, being known, the other forces are readily cal- 
culated from it 

50. When the form of an arch does not exactly coincide 
with its curve of equal horizontal thrust, there will always 
be some minimum thickness necessary to contain this curve, 
and to insure the stability of the arch. In a semicircular 
arch, fig. 22, whose thickness is ^th of its radius, the line 
of equal horizontal thrust just touches the extrados at the 
crown, and the intrados at the haunches, pointing out the 
places where failure would take place with a less thickness 
or an unequal load by the voussoirs turning on their edges. 
Those arches which differ most from their curves of equal 
horizontal thrust are semicircles and semi-ellipses, which 
have a tendency to descend at their crowns and to rise at 
their haunches, imless Uiey are well backed up Foinfiod 

o 
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arches have a tendency to rise at the crown ; and, to prevent 
this, the cross springers of the ribbed vaults of the middle 

Fig. 22. 




ages were often made of a semicircular profile, their flsvt 
ness at the crown being concealed by the bosses at theii 
intersections. 

61. If the experiment be tried of equilibrating, in the 
manner above described, a suspended semicircular or semi- 
elliptical arch, it will be found to be practically impossible, 
as the weight required for that purpose becomes infinite at 
the springing. This difficulty does not exist in practice, for 
that part of an arch which lies beyond the plane of the 
face of the abutment in reality forms a part of the abut- 
ment itself (fig. 22). 

The Gothic architects well understood this, and in their 
vaulted roofs built this portion in horizontal courses as part 
of the side walls (fig. 23), commencing the real arch at a 
point considerably above the springing. 

52. The depth of the voussoirs in any arch must be suffi- 
cient to contain the ciu^e of equilibrium under the greatest 
load to which it can be exposed ; and, as the pressure on 
the arch stones increases from the ci-own to the springing, 
their depth should be increased in the same proportion. 
Each joint of the voussoirs should be at right angles to a 
tangent to the curve of equilibrium at the point through 
which it passes. 
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i^. 28.* 63. Brick Areh€$.—Jn build- 

ing arches with bricks of the 
common shape, which are of 
the same thickness throughout 
their length, a difficulty arises 
from the thickness of the 
mortar joints at the extrados 
being greater than at the in- 
trados, thus causing settlement 
and sometimes total failure. 
To obvialie this difficulty, it 
is usual to build brick arches in 
separate rings of the thickness 
of half a brick, having no connection with each other be- 
yond the adhesion of the mortar or cement, except an 
occasional course of headers where the joints of two rings 
happen to coincide. There is, however, a strong objection 
to this plan, viz. that, if the curve of equal horizontal thrust 
do not coincide with the curvature of the arch, the line of 
pressure will cross the rings, and cause them to separate 
from each other 

64. The preferable plan will be, therefore, to bond the 
brickwork throughout the whole thickness of the arch, 
using either cement or hard-setting mortar, which will 
render the thickness of the joints of comparatively little 
importance. 

Cement, however, is |iot so well suited for this purpose 
as the hard-setting mortars made from the Lias limes, be- 
cause it sets before the work can be completed ; and in case 
of any settlement, however trifling, taking place on the 
striking of the centres, the work becomes crippled. It is 
therefore preferable to use some hard-setting mortar, which 
does not, however, set so quickly as cement, thus allowing 

* Thig diagram is slightly altered from one of the illustrations to Pro- 
fessor Willis's paper "On the Construction of the Vaults of the Middle 
Ages," in the Transactions of the Royal Institute of British Archit6;ts, 

Vol. I.. Pirt a 

c 2 
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the arch to adjust itself to its load, or, in technical Ian- 
guage, to take iu bearing, before the mortar becomes per- 
fectly hard. 

65. We have in the preceding remarks considered an 
equilibrated arch as a curved beam, every part of which is 
in a state of compression; and, in an arch composed of 
stone voussoirs, this is practically the case. 

We may, however, by the employment of other materials, 
as cast iron and timber, construct arches whose forms differ 
very materially from their curves of equal horizontal thrust. 

Thus the semicircular arch (fig. 22), which, if built of 
stone voussoirs small in proportion to the span of tlie arch, 
would fail by the opening of the joints at a and 6, might be 
safely constructed with cast iron ribs, with the joints placed 
at c and d, the metal at the points a and b being exposed to 
a cross strain precisely similar to that of a horizontal beam 
loaded in the centre. 

56. Laminated arched beams, formed of planks bent 
round a mould to the required curve and bolted togethei 
have been extensively used in railway bridges of large span 
.during the last ten years, and from their comparative elas- 
ticity, and the resistance they offer to both tension and 
compression, are very well adapted to structures of this 
kind, which have to sustain very heavy loads passing with 
great rapidity over them. 

It is to be regretted, however, that the perishable nature 
of the material does not warrant their long duration, not- 
withstanding every precaution that can be taken for the 
preservation of the timber. 

57. Skew Arches — In ordinary cases the plan of an arch 
is rectangular, the faces of the abutments being at right 
angles to the fronts ; but of late years the necessity which 
has arisen on railway works for canying communications 
across each other without regard to the angle of their inter- 
section has led to the construction of oblique or skew arches 

68. In an ordinary rectangular arch each course is 
parallel to the abutments, and the inclination of any bed ' 
joint with the horizon will be the same at every part of it 
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Tu a skew arch it is not possible to lay the courses parallel 
to the abutments, for, were this done, the thrust being at 
right angles to the direction of the courses, a great portion 
of the arch on each side would have nothing to keep it 
from falling. In order to bring the thrust into the right 
direction, the courses must therefore be laid as nearly as 
possible at right angles to the fronts of the arch (see fig. 
-^ 24 ^^)' ^^^ ^^ ^^ angle with the 

abutments ; and it is this 
which produces the peculi- 
arity of the skew arch. The 
two ends of any course will 
then be at different heights, and the inclination of each bed 
joint with the horizon will increase from the springing to 
the crown, causing the beds to be winding surfaces instead 
of a series of planes as in a rectangular arch. The varia- 
tion in the inclination of the bed joints is called the ttoist 
of the beds, and leads to many difficult problems in stone- 
cutting, the consideration of which would be unsuited to 
the elementary character of this little work. 

The reader who wishes to pursue the subject is referred to 
the volume of this series " On Masonry and S'^one-cutting." 

59. Centering, — The centering of an arch is the tempo- 
rary framework which supports it during its erection, and 
is formed of a number of ribs or centres, on which are 
placed the planks or laggings on which the work is built 

60. In designing centres, there are three essential points 
to be kept in view 1st, that there should be sufficient 
strength to prevent any settlement or change of form during 
the erection of the arch. 2nd, that means should be pro- 
vided for easing or lowering the centre gradually from under 
any part of the arch. 3rd, that, as the construction of 
centres generally involves the use of a large quantity of 
timber merely for a temporary purpose, all unnecessary 
injury to it should be avoided, in order that its value for 
subsequent use may. be as little diminished as possible. 

61. Fig. 25 represents the construction of the centering 
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used in the erection of the Gloucester Over Bridge, de- 
signed by Mr. Cargill, the contractor, which fulfils the 
above-named conditions in a very perfect manner : by means 
of the striking wedges under the radiating struts, any part ol 
these centres can be lowered at pleasure, and, from the 
position of the struts, there is no tendency to alteration in 
the curve from undue pressure on the haimches during the 
erection of the arch. (See Note B, p. 155.) 

62. Centering on the same principle as the above was 
made use of in the erection of the Grosvenor Bridge at 
Chester, by Mr. Trubshaw, the contractor for that work 
Instead of the centres being made to rest on the striking 

Fig. 25. 




wedges, however, as in the centering for the Gloucester 
Bridge, the wedges were placed under the laggings them- 
selves, by which means th^ arch could be eased in the most 
gradual manner 

63. Where the circumstances of the case do not admit 
of piles or other supports being placed between the piers, it 
becomes necessary to construct a trussed framing resting 
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on the piers, and of sufficient strength to support the 
weight of the arch. The tendency of this form of centie 
to rise at the crown, from the great pressure thrown upon 
the haunches during the erection of the arch, renders it 
necessary to weight the crowns with blocks of stone until 
it is nearly completed. Centres of this kind are always 
costly, afiford less facilities for easing, and are in every way 
inferior to those we have described as used at Gloucester 
and Chester. 

64. Abutments. — The tendency of any arch to overturn 
its abutments, or to destroy them by causing the courses to 
Fig, 26, 
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slide over each other, may be counteracted in three ways 
1st, the arch may be continued through the abutment until 
it rests on a solid foundation, as in fig. 26 2nd, by build- 

Fig. 27. 
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ing the abutments so as to form a horizontal arch, the 
thrust being thrown on the wing walls, which act as but- 
tresses (fig. 27). 3rd, where neither of these expedients is 
practicable, by joggUng the courses together with bed-dowel 
joggles, so as to render the whole abutment one soUd mass 
(fig. 86). 

66 Wing Wails. — ^Where the wing walls of a bridge aro 

\\ 




built as shown in fig. 28, the pressure of the earth wiU 
always have a tendency to fractinre them at their junction 
with the abutments, as shown by the lines ab, ed. Equal 

Fig. 29. 
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strength with the same amount of material will be obtained 
by building a nmnber of thin longitudinal and cross walls, 
as shown in fig. 29, by which means, the earth being kept 
from the back of the walls, there is no tendency to fisdlure 
of this kind. 

66. VatdHng. — The ordinary forms of vaults may be 
classed under three heads, viz. cylindrical, coved, and groined. 

A cylindrical vault is simply a semicircular arch, the ends 
of which are closed by upright walls, as shown in fig. 30. 
When a vault springs from all the sides of its plan, as in 
fig. 31, it is said to be coved. When two cylindrical vaults 
intersect each other, as in fig. 82, the mtersecUons of the 

Fiff. 80. Fig. 81. 




vaulting surfaces are called groins, and the vault is siud to 
be groined. 

67. In the Eoman style of architecture, and in all com- 
mon vaulting, the vaulting surfaces of the several compart- 
ments are portions of a continuous cylindrical surface, and 
the profile of a groin is simply an oblique section of a 
semi-cylinder. 

68. Gothic ribbed vaulting is, however, constructed on a 
totally different principle. It consists of a fi^mework of 
light stone ribs supporting thin pannels, whence this mode 
of construction has obtained the name of rib and pannel 
vaulting. The curvature of the diagonal ribs or cross 
springers, and of the intermediate ribs, is not governed in 
any way by the form of the transverse section of the vault, 
and in this consists the peculiarity of ribbed vaulting. Thit 
will be understood by a comparison of figs. 32 and 33. 
For a description of the several varieties of Gothic vaults, 
and the modes of tracing the curves of the ribs, the reader 
is referred to the volume of this series on ** Masoniy and 
Stone-cutting." 

a 8 
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Roman Taiiltmg. Gothic raulting. 

69. Domes are vaults on a circular plan. The equili 
brium of a dome depends on the same conditions as that 
of a common arch, but with this diflference, that, although 
a dome may give way by the weight of the crown forcing 
out the haunches, failure by the weight of the haunches 
squeezing up the crown is impossible, on account of the 
support the voussoirs of each course receive from each 
other. 

MASONRY — BRICKWORK — BOND 

70. The term masonry is sometimes applied generally to 
all cemented constructions^ whether built of brick or stone ; 
but in England the use of the term is confined exclusively 
to stone-work. 

71. There are many kinds of masonry, each of which is 
known by some technical term expressive of the manner in 
which the stone is worked ; but they may all be divided 
under three heads. 

1st Eubble work (fig. 34), in which the stones are 
used without being squared 

2nd. Coursed work (fig. 86), in which the stones are 
squared, more or less, sorted into sizes, and ranged ii; 
courses. 
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3rd. Ashlar work* (fig. 36), in which each stone is 
squared and dressed to given dimensions. 

72. Different kinds of masonry are often united. Thus 
a wall may he huilt with ashlar facing and ruhhle hacking ; 
and there are many gradations from one class of masonry 
to another, as coursed rubble^ which is an intermediate step 
between ruhhle work and coursed work. 

73. In ashlar masonry, tho stability of the work is inde- 
pendent, in ordinary cases, of the adhesion of the mortar. 
Rubble work, on the contrary, depends for support in a 
great measure upon it 

74. In dressing the beds of ashlar work, care must be 
taken not to work them hollow, so as to throw the pressure 
upon the edges of the stones, as this leads to unsightly 
fractures, as 6 6, fig. 36. 

76. Where there is a tendency of the courses to slide on 
each other from any lateral pressure, it may be prevented 
by bed-dowel joggles, as shown at a a, fig. 36 

76 Where the facing and the backing of a wall do not 
contain the same number of coinrses, as in the case of a 
brick wall with stone facings (fig. 37), the work will be liable 
to settle on the inside, as shown by the dotted lines, from 
the greater number of mortar joints. The only way of 
Fig, 87. preventing this is to set the backing in cement, 
or some hard and quick-setting mortar 

77. In facing brickwork with stone ashlar, the 
stones should be all truly squared, and worked 
to sizes that will bond with the brickwork. If 
this be neglected, there will be numerous va- 
cuities in the thickness of the wall (see fig. 37) 
and the facing and backing will have a ten- 
dency to separate 

78. Bond, in masonry, consists in the placing 
of the stones in such relative positions that no 

joint in any course shall be in the same plane with any 

• In London the term " ashlar" is commonly applied to a thin fiicing ol 
ftODc placed in front of brickwork. 
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other joint in the course immediately above or below it 
This is called breaking joint 

79. Stones placed lengthwise in any work are called 
iCretcliers, and those placed in a contrary direction are called 
-^ gg headers. When a header extends through- 

out the whole thickness of a wall, it is 
called a thnmgh. 

79. There are two kinds of bond made 
use of by bricklayers, called respectively 
English bond and Flemish bond. In the 
Fig. 80. fij.g|; t}jQ courses are laid alternately with 

headers and stretchers (fig. 38); in the 
second, the headers and stretchers alter- 
nate in the same course (fig. 39). This 
is considered to have the neatest appear- 
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ance : but, as the number of headers required is fewer than 
in English bond, there is not so much lateral tie, and on 
this accoimt it is considered to be much inferior to it in 
strength. A common practice, which cannot be too much 
reprobated, is that of building brick walls with two qualities 
of bricks, without any bond between them, the headers of 
the facing bricks being cut in two to save the better mate- 
rial, thus leaving an upright joint between the facing and 
backing. 

80. In building upright walls which have to sustain a 
vertical pressinre, three leading principles must be kept in 
view. 

1. Uniformity of construction throughout the whole 
thickness. 

2. The bonding of the work together 
8. The proper distribution of the load. 

81 Uniformity of Construction. — ^We have already spoken 
of the danger arising firom the backing of a wall containing 
more compressible material than the facmg ; but it cannot 
be too often repeated, that in all building operations it is 
not the amount^ but the irregularity of settlement which is 
80 dangerous. Thus a rubble wall, with proper care, may 
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be carried up to a great height, and bear safely the weight 
of the floors and roof of a large building, whilst a wall 
built of bricks and mortar, and faced with dressed ashlar, 
will, under similar circumstances, be fractured from top to 
bottom, from the difference in settlement of the facing and 
backing 

It is a common but vicious practice to build the ends of 
joists and other timbers into the walls, and to rest the 
superincumbent work upon them. This is liable to lead to 
settlements from the shrinking of the timber, and should 
always be guarded against by leaving proper recesses for 
the ends of the timbers, so that the strength of the masonry 
or brickwork shall be quite independent of any support 
from them. 

82. Bond. — ^In addition to the bonding together of the 
materials above described, a further security against irre- 
gular settlement is usually provided for brick walls, in the 
shape of ties ot timber, called bond, which are cut of the 
depth and thickness of a brick, and built into the work. 
There is, however, a great objection to the use of timber in 
the construction of a wall, as it shrinks away from the rest 
of the work, and often endangers its stability by rotting. 

83. Instead of bond timbers, hoop-u'on bond is now very 
generally used. This is formed of iron hooping, tarred, to 
protect the iron from contact with the moilar, and laid in 
the thickness of the mortar joints. This forms a very per- 
fect longitudinal tie, and has all the advantages, with none 
of the disadvantages, of bond timbers. 

84. DistribtUion of the Load, — It is always advisable, when 
a heavy load has to be supported on a few points, as in the 
case of a large floor resting on girders, to bring the weight 
as nearly as possible on the centre of the wall, and to dis- 
tribute it over a large bearing surface, by stone bonding 
through its whole thickness ; this arrangement is shown in 
figures 40 and 41. 

85. It is of importance in designing buildings to arrange 
the apertures for doors, windows, &c., in the different floors. 
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BO that openings shall be over openings, and piers oveT 
piers ; if this be not attended to, it is scarcely possible to 

Fig. 40. 





prevent settlements In addition to this, as the pressure 
on the foundations will be greatest under the piers, it is 
desirable to connect these with inverted arches, by which 
means the weight is distributed equally over the whole sur- 
face of the foundations. 

86. All openings in walls for doors, windows, gateways, 
&c., should be arched over throughout the whole thickness 
of the walls in which they occur ; and wooden lintels and 
bressummers should only be introduced as ties to counter- 
act the thrust of the arches, and as attachments for the in- 
ternal finishings. 

87. Bressummers of cast iron are often used for support- 
ing the walls of houses over large openings, as in the case 
of shop fronts ; but they have the disadvantage of being 
liable to be cracked, in case of fire, if water is thrown on 
them whilst in a heated state, which renders their use very 
objectionable, as no dependence can be placed upon them 
after having been suddenly cooled in this manner, even if 
they do not actually break at the time. 

PABTinONS. 

88. The partitions forming the interior divisions of a 
building may be either solid walling of brick or stone, or 
they may be constructed entirely of timber, or they may bo 
frames of timber filled in with masonry or brickwork. 
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It will always be best, both for durability and security 
against lire, to make the partitions of solid walling; bul 
this is not always practicable, and, in the erection of dwell- 
ing houses, they are for the most part made of timber. 

The principles to be kept in view in the construction of 
framed timber partitions are veiy simple. Care must be 
taken to avoid any settlement from cross strain, and they 
should not in any way depend for support upon subordinate 
parts of the constniction, but should form a portion of the 

F%g, 42. 




main carcase of the building, and be quite independent of 
the floors, wnich should not support, but should be sup- 
ported by them. 
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WTiere a pai*tition extends through two cr more storiei 
of a buildmg, it should be as much as possible a continuous 
piece of framing, with strong sills at proper heights to sup- 
port the floor joists. 

Where openings occur, as for folding doors, or where a 
partition rests on the ends of the sill only, it should be 
strongly trussed, so that it is as incapable of settlement as 
the walls themselves. From want of attention to these 
points, we frequently see in dwelling-houses floors which 
have sunk into curved lines, doors out of square, cracked 
ceilings and broken cornices, and gutters that only serve to 
conduct the roof water to the interior of the building, to 
the injury of ceilings and walls, and the great discomfort 
of its inmates. The above remarks will be better under- 
stood by a study of flg. 42, which is an example of a framed 
partition extending through three stories of a dwelling 
house. 

FLOORS. 

89. The assemblage of timbers forming any naked floor- 
ing may be either single or double. Single flooring is formed 
with joists reaching from wall to wall, where they rest on 
plates of timber built into the brickwork, as in fig. 43. The 
floor boards are nailed over the upper edges of the joists. 




Single flooring, 
whose lower edges receive the lathing and plastering of the 
eilings. Double floors are constructed with stout binding 
joists, a few feet apart, reaching from wall to wall, and sup 
porting ceiling joists which carry the ceiling ; and bridging 
iaists, on which are nailed the floor boards (fig. 44). 
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In double-framed flooring, the binders, instead of resting 
in the wails, are supported on girders, as shown in fig. 45 

Fig 44. 




Double flooring. 
Single flooring is, in many respects, inferior to double 
flooiing, being liable to sag, or deflect, so as to make tho 

Fig. 46. 




Double-framed flooring. 

floor concave , and the vibration of the joists occasions in- 
jury to the ceilings, and also shakes the walls. In double 
flooring the stifl&iess of the binders and girders prevents 
both deflection and vibration, and the floors and ceilings 
hold their lines, that is, retain their intended form much 
better than in single flooring. 

90 The joists in a single floor are usually laid on a plate 
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built into the wall, as shown in fig. 43 ; it is, however, pre- 
ferable to rest the plate on projecting corbels, which pre- 
vents the wall being crippled in any way, by the insertion 
of the joists. The plates of basement floors are best sup- 
ported on small piers carried up from the footings. This 
is an important point to be attended to, as the introduction 
of timber into a wall is nowhere likely to be productive of 
such injurious effects as at the foundations, where, from 
damp and imperfect ventilation, all wood-work is liable to 
speedy decay. 

The ends of all girders should rest in recesses, formed 
as shown in figs. 40 and 41, and with a space for the free 
circulation of air round the timber, which is one of the 
best preventives of decay. 

The manner in which ceiling joists and bridging joists 
are framed to the binders, and these latter tenoned into the 
girders, is shown in figs. 46, 47, 48, and 49. 



Fig. 46. 
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a a, bridging joists ; h h, exiling joists ; e, girder. 
91. Fire-proof floors are usually constructed with iron 
girders a short distance apart, which serve as abutments for 
a series of brick arches, on which either a wooden or plaster 
floor may be laid (see fig. 60V (See Note 0, p. 156.) 
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92. Of late years many terraces and flat roofs have been 
constructed with two or more courses of plain tiles, set in 
cement, and breaking joint with each other, supported at 
short intervals by cast-iron bearers, as shown in fig. 61. 
This mode of construction, although appearing very slight, 

Fig, 61. 



possesses great strength, and is now veiy much used in and 
about London 

BOOFING. 

98. In roofs of the ordinary construction, the roof cover- 
ing is laid upon rafters supported by horizontal purlinsj 
which rest on upright trusses or frames of timber, placed 
on the walls at regular distances from each other. Upon 
the framing of the trusses depends the stability of the roof, 
the arrangement of the rafters and purlins being subordi- 
nate matters of detail. The timbering of a roof may be 
compared to that of a double-fr'amed floor, the trusses of 
the former corresponding to the girders of the latter, the 
purlins to the binders, and the rafters to the joists. 

Timber roofs may be divided under two heads — 

1st Those which exert merely a vertical pressure on the 
walls on which they rest. 

2nd. Those in which advantage is taken of the strength 
of the walls to resist a side thrust, as in many of the Gothic 
open timbered roofs. 

94. Trussed Boofs, exerting no Side Thrust on the Walls. — 
tn roofs of this kind each truss consists essentially of a 
pair of principal rafters or principals , and a horizontal tie 



44 



BUDIMENTS OF THE 



beam and in large roofs these are connected and strength 
ened by king and queen posts and struts (see figs. 53 and 
64). 

Fig. 52 shows a very simple truss in which the tie is 
above the bottom of the feet of the principals, which is 




often done in small roofs for the sake of obtaining height 
The tie in this case is called a collar. The feet of both 
common and principal rafters rest on a waU plate. The 
purlins rest on the collar, and the conmion rafters but 
against a ridge running along the top of the roof. This 
kind of truss is only suited to very small spans, as there is 
a cross strain on that part of the principals below the collar 
which is rendered harmless in a small span by the extra 
strength of the principals, but which in a large one would 
be very likely to thrust out the walls. 

95 In roofs of larger span the tie beam is placed below 
the feet of the principals, which are tenoned into, and 
bolted to it. To keep the beam from sagging^ or bending 
by its own weight, it is suspended from the head of the 

Fig, 68. 
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principals by a king post of wood or iron. The lower part 
of the king post affords abTitments for struts supporting the 
principals immediately under the purlins, so that no cross 
stndn is exerted on any of the timbers in the truss, but 
they all act in the direction of their length, the principals 
and struts being subjected to compression, and the king 
post and tie beam to tension. Fig. 53 shows a sketch of a 
king truss. The common rafters but on a pole plate, the 
tie beams resting either on a continuous plate, or on 
short templates of wood or stone. 

96. Where the span is considerable, the tie beam is sup- 
ported at additional points by suspension pieces called 
queen posts (fig. 64), from the bottom of which spring 



Fig.H. 




additional struts ; and, by extending this principle ad 
infinitum, we might construct a roof of any span, were 
it not that a practical limit is imposed by the nature of 
the materials. Sometimes roofs are constructed without 
king posts, the queen posts being kept apart by a straining 
piece. This construction is shown in fig. 66, which shows 
the design of the old roof (now destroyed) of the chm'ch of 
St. Paul, outside the walls, at Kome. This truss is in- 
teresting from its early date, having been erected "about 400 
years ago ; the trusses are in pairSjj. king post being keyed 
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in between each pair to support the tie beams in the 
centime. 

97. Of late years iron has been much used as a material 
for the trusses of roofs, the tie beams and suspending 
pieces being formed of light rods, and the principals and 
struts of rolled T or angle iron, to which sockets are riveted 
to receive the purlins. 

The iron roofs of the new Houses of Parliament at 
Westminster are admirable examples of this mode of con- 
struction. The principle of the trussing of the roof over 
the House of Peers is shown in fig. 66 The tie beam and 

Fig. ^Q* 




suspension rods are of flat bar iron, the principal and 
eommon rafters are of rolled T iron, the struts and purlins 
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are of cast iron, and the whole is fitted together with cast- 
iron shoes. 

98. The great novelty in the construction of the roofs 
just mentioned consists in their covering, which is formed 
of galvanized sheets of cast iron, lapping over each other 
at the joints, and forming a very perfect and water-tight 
covering, which is at the same time perfectly fire-proof, 




and not liahle to he affected hy exposure to the atmo- 
sphere. 

99. The largest roof ever executed in one span is that of 
the Imperial Riding-House at Moscow, built in 1790, of 
which the span is 235 ft. {^g. 57). The principal feature in 
this roof is an arched beam, the ends of which are kept 
from spreading by a tie beam, the two being firmly con- 
nected by suspension pieces and diagonal braces: the 
arched beam (fig. 58) is formed of tluree thicknesses of 

Fig. 68. 




timber, notched out to prevent their sliding on each other, 
— a method which is objectionable on account of the 
danger of the splitting of tiie timber under a considerable 
strain. (See Note D, p. 156.) 
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100. The principle of the bow suspension truss, as this 
system of trussing is called, has been much used within 
the last ten years for railway bridges and similar works. 
One of the best executed works of this kind is a bridge 
over the Kiver Ouse, near Downham Market, in Norfolk, 
on the line of the Lynn and Ely Eailway, the trusses of 
which are 120 ft. span. 

101. Roofs on the principle of the Arch, — In the 16th 
century, Philibert de Lorme, a celebrated French architect, 
published a work in which he proposed to construct roofs 
and domes with a series of arched timber ribs in place of 
trusses, these ribs being formed of planks in short lengths, 
placed edgewise, and bolted together in thicknesses, break- 
ing joint (fig. 59). This mode of construction has been 
more or less used ever since the time of its author. An 
instance of its successful application on a large scale was 
the original dome of the Halle au Ble, at Paris, 120 ft. in 
diameter, built by Messrs. Legrand and Molino. This roof 
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has since been replaced by an iron one, the original domo 
having been destroyed by fire. 

The roof of the central compartment of tne Pantheon 
Bazaar in Oxford Street, London, 38 ft. span, is another 
very elegant example. 

102. There are, however, some great disadvantages con- 
nected with this system. There is considerable waste of 
material ; the labour is great as compared with roofs of 
similar span of the ordinary construction; and, as the 
chief strength of the rib depends upon the lateral cohesion 
of the fibres of the wood, it is necessary to provide such 
an amount of surplus strength as shall insure it against 
the greatest cross strain to which it can be exposed from 
violent winds or otherwise 
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108. Struck by these disadvantages, Colonel Emy, a 
French military engineer, proposed, in 1817, an improve- 
ment on the system of Philibert de Lorme, which was pre- 
cisely the laminated arched rib so much in use at the 
present day. It was not until 1825 that he obtained per- 
mission to put his design into execution in the erection of 
a large roof 65 fk. span at Marac, near Bayonne (fig. 00). 

Fiq. 60. 




The ribs in this roof are formed of planks bent round on 
templets to the proper curve, and kept from separating by 
iron straps, and also by the radiating struts which are in 
pairs, notched out so as to clip the rib between them. 

The principle of the roof is exceedingly good. The 
principals, wall-posts, and arched rib, form two triangles, 
firmly braced togetlier, and exerting no thrust on the walls ; 
and the weight of the whole roof being thrown on the 
wails at the feet of the ribs, ajid not at the pole plate, the 

D 
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^alls are not tried by the action of a heavy roof, and the 
consequent saving m masonry is very great* 

The great difference in principle between the arched rib 
of Philibert de Lorme, and the laminated rib of Colonel 
Emy, is, that in the latter the direction of the fibre of the 
wood coincides with the curvatm-e of the rib; and, as a 
consequence of this, the joints are much fewer; the rib 
possesses considerable elasticity, so as slightly to yield 
rather than break under any violent strain ; and, from the 
manner in which the planks are bolted together, it is im- 
possible for the rib to give way, unless the force applied be 
sufficient to crush the fibres. 

The principle of the laminated arched rib was first ap- 
plied in England in 1837 by the Messrs. Green of New- 
castle, by whom it has been extensively used in the erection 
of railway bridges. 

104. Gothic Boofs, — The open timber roofs of the middle 
ages come, for the most part, under the second class, viz. 
those which exert more or less thrust upon the walls, al- 

Fig. 61. 




• See Tred gold's Carpentrj, new and much improved edition^ iu 4to. 
1858. 
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though there are many fine examples in which this is not 
the case. 

We propose to describe the principal varieties of these 
roofs, without reference either to their decorative details, 
or to their chronological arrangement, our object here 
being simply to explain the principles on which they were 
constructed. 

105. Fig. 61, which is a section of the parish church of 
Chaldon, near Merstham in Surrey, shows a system of 
roofing formerly very common. This may be compared to 
single flooring, as there are no principals, purlins, or even 
ridge. It is a defective form of roof, as the rafters have a 
tendency to spread and thrust out the walls. In the ex- 
ample before us, this effect has been pre- 
vented by the insertion of tie beams, from 
which the collars have been propped up (fig. 
62), thus, in fact, balancing the roof on the 
centres of the collars, which are in con- 
sequence violently strained. 

106. After the introduction of the 4-centred 
arch, a great many church roofs of the con- 
struction just described were altered, as 
shown by the dotted lines in fig. 63, in order 
to obtam more light by the introduction of clerestory win- 
dows over the nave arches. The 
flat roofs which superseded the 
former ones were often formed 
without any truss whatever, 
being simply an arrangement 
of main beams, purlins, and 
rafters, precisely similar to a 
double-framed floor, with the 
difference only that the main 
beams, instead of being per- 
fectly straight, were usually cut out of crooked timber so 
as to divide the roof into two inclined planes. 

To throw the weight of the roof as low down as possible, 




a post ; h sill ; 
c c strnts. 



Fig. 63. 
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the ends of the mam beams are often supported on upright 
Fig, 64. posts placed agamst the walls and rest- 

ing on projecting corbels, the wall posts 
and beams being connected by struts 
in such a waj that deflection in the 
centre of the beam cannot take place, 
unless the load be sufficient to force 
out the walls, as shown by the dotted 
lines in fig. 64. The struts are often cut out of stout plank, 
forming solid spandrils, the edges of which are moulded to 
suit the profile of the main beam (see fig. 65), which also 

Fi0.tt, 





shows the manner of securing the struts to the wall posts 
and to the beam with tongues and wooden pins. A very 
good example of this construction is shown in fig. 66, 
which is from West Bridgeford Church, Nottinghamshire. 
There are many very beautiful examples remaining in dif- 
ferent parts of the coimtry. 

107. A somewhat similar construction to that last de- 
scribed is shown in fig. 67, in which principals are intro- 
duced, strutted up from the main beam, so as to give a 
greater slope to the roof than could well be obtained with a 
single beam. 
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Fig, 67. 108- Fig. 68 exhibits a construction 

often to be met with, which, in general 
appearance, resembles a trussed king 
post roof, but which is in reality very dif- 
ferent, the tie beam being a strong girder 
supporting the king post, which, instead 
of serving to suspend the tie beam from 
the principals, is a prop to the latter. In 
this and the previous example, any tend- 
ing to deflection of the tie beam is pre- 
vented by struts : the weight of the roof 
is thrown by means of wall posts con- 
siderably below the feet of the rafters, so 
that the weight of the upper pai't of the 
wall is made available to resist the thrust of the struts. 

109 The roofs we have been describing are not to be 
recommended as displaying any great amount of construc- 
tive skill. Indeed, although they answer very well for small 
spans with timbers of large scantling and side walls of suf- 
ficient thickness to resist a considerable thrust, they ai-e 
totally imsuited to large spans, and are in every way inferior 
to trussed roofs. 
The above remarks do not apply to the high pitched 
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roofs of the large halls of the fifteenth and sixteenth cen- 
turies, which, for the most part, are trussed in a very per- 
fect manner, so as to exert no thrust upon the walls; 
although, in some instances, as at Westminster Hall, they 
depend upon the latter for support. 

The general design of these roofs is shown in figs. 69 
and 70. The essential parts of each truss are, a pair of 




principals connected by a collar or tuind bearriy and two 
hammer beams, with queen posts over them, the whole 
forming three triangles, which, if not secured in their 
relative positions, otherwise than by the mere transverse 
strength of the principals, would turn on the points c c (fig. 
70), the weight of the roof thrusting out the walls in the 
mariner shown in the figure. There are two ways in which 

-%. 70. 
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a tmfls of this kind may be prevented from spreading. Ist. 
The ends of the hammer beams may be connected with 
tlie collar by tension pieces, a a (fig. 69), by which tlie 
thrust on the walls will be converted into a vertical pres- 
sure. 2nd. The hammer beams may be kept in their 
places by stmts, b b, the walls being made sufficiently 
sti'ong by buttresses, or otherwise, to resist the thrust. 

In existing examples, we find sometimes one and some- 
times the other of these plans followed ; and occasionally 
both methods are combined in such a manner that it is 
often difficult to say what parts are in a state of compression, 
and what are in a state of tension. 

110. The roof of the great hall at Hampton Court (fig. 
7 1) is very strong, and so securely tied, that were the bottom 
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WTuts, 6 5, removed, there would be little danger of tlie 
principals thrusting out the walls ; and, on the other hand, 
from the weight of the roof being carried down to a con- 
siderable distance below tlie hammer beams by tlie wall 
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posts, the walls themselves offer so much resistance to skie 
thrust, that there would be no injurious sti'ain on them 
wore the tension pieces, a a, removed. 

Ill, The constraction of the roof of the hall at Eltbam 
Palace, Kent (fig. 72), differs very considerably from that of 




the Hampton Court roof. The whole weight is thrown on 
the top of the wall, and the bottom pieces, b 6, are merely 
ornamental, the tension pieces, a a, formmg a complete tie. 
This has been shown by a partial failure which has taken 
place. The wall plates having become rotten in conse- 
quence of the gutters being stripped of their lead, the 
weight has been thrown on the pseudo struts, which have 
bent under the pressiu*e, and forced out the upper portion 
of the walls. 

112. The roof of Westminster Hall (fig. 73) is one of 
the finest examples now existing of open timbered roofs. 
The peculiar feature of this roof is an arched rib m three 
thicknesses, something on the principle of Philibert de 
Lorme ; but it is so slight, compared with the great span, 
that it is probable in designing the roof, the architect took 
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full advantage of the support afforded by the thickness of 
the walls and the buttresses ; if, indeed, the latter were not 
added at the time the present roof was erected, in 1396. 
It has been ascertained that the weight of the roof rests 
on the top of the walls, the lower part of tlie arched rib 
only serving to distribute the thrust, and to assist in pre- 
venting the hammer beams from sliding on die walls. 

D S 
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113. The mediseval architects generally employed oak in 
the construction of their large roofs, the timbers being 
morticed and pinned togetiier, as shown in fig. 65. This 
system of construction is impossible in fir and other soft 
woods, in which the fibres have little lateral cohesion, as 
the timber would spUt witii the strain ; and therefore, in 
modem practice, it is usual to secure the connections with 
iron straps or bolts passing roimd or through the whole 
thickness of the timbers. 

BOOF GOVEBINGB. 

114. The dififerent vaiieties of roof covermgs principally 
used may be classed under three heads : stone, wood, and 
metsl. 

Of the first class, the best kind is slate, which is used 
either sawn into slabs or split into thin laminae. The dif- 
ferent sizes of roofing slate in common use are given in the 
description of Slaters' Work, article 234. 

In many parts of the coimtry thin slabs of stone are used 
in the same way as roofing slate. In the Weald of Sussex 
the stone found in the locality is much used for this pur- 
pose, but it makes a heavy covering, and requires strong 
timbers to support it. 

116. Tiles are of two kinds: plain tiles j which are quite 
flat; and pantiles, which are of a curved shape, and lap 
over each other at the sides. Each tile has a projecting ear 
on its upper edge, by which it is kept in its place. Some- 
times plain tiles are pierced with two holes, through which 
oak pins are thrust for the same purpose. 

116. Wooden coverings are littie used attiie present day^ 
except for temporary purposes : shingles of split oak were 
formerly much used, and may still be seen on the roofs of 
some country churches. 

117. Metallic Coverings. — The metals used for roof cover- 
ings are lead, zinc, copper, and iron. 

118. Lead is one of the most valuable materials for this 
purpose on account of its malleability and durabilily, the 
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action of the atmosphere having no injurious effect upon 
it Lead is used for covering roofs in sheets weighing from 
4 to 8 lbs. per sup. foot 

119. Copper is used for covering roofs in thin sheets 
weighing about 16 oz. per sup. foot, and from its lightness 
and hardness has some advantages over lead; but the 
expense of the metal effectually precludes its general 
adoption. 

120. Zmc has of late years superseded both lead and 
copper to a considerable extent as roof coverings. It is used 
in sheets weighing from 12 oz. to 20 oz. per sup. foot. It 
is considered an inferior material to those just namisd ; but 
its lightness and cheapness are great recommendations, 
and the manufacture has been much improved since its first 
introduction. 

121. Cast iron, coated with zinc to preserve it from rust- 
ing, is now much used in a variety of forms. We have 
already mentioned its adoption for covering the roofs of the 
new Houses of Parliament. (See Note E, p. 157.) 

J 22. All metallic coverings are subject to contraction 
and expansion with the changes of the temperature, and 
great care is requisite in joining the sheets to make them 
lap over each other, so as to make the joints water-tight, 
without preventing the play of the metal. 

The following table of the comparative weights of different 

roof coverings may be useful : — 

Cwt. qrs. lbs. 

Plain tiles, per square of 100 ft. sup. . . 18 

Pantiles 920 

Slating, an average 7 

Lead, 7 lb. to the sup. foot . ... 6 2 

Copper or zinc, 16 oz. do 10 

SUPPLY OP WATER. 

1 23. The arrangements for distributing a supply of water 
over the different parts of a building will depend very 
materially on the nature of the supply, whether constant oi 
intermittent 
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Fig, 74. 



The most common method of supply from water-works ia 
by pipes which communicate with private cisterns, into 
which the water is turned at stated intervals. 

A cistern, in a dwelling-house, is always more or less an 
evil ; it takes up a great deal of spa<}e, costs a great deal ol 
money in the first instance, and often causes inconvenience^ 
from leakage, from the bursting of the service pipes in frosty 
weather, and from the liability of the self-acting cock to %e\ 
out of order 

Fig. 74 shows the ordinary arrangements qf a cistern for 
a dwelling-house. The common material for the cistern 
itself is wood lined with sheet lead; but slate cisterns have 
been much used of late. Large cisterns or tanks for the 
supply of breweries, manufactories, &c., are usually made 
of cast-iron plates, screwed together by means of flanges all 
round their edges. 

The service or feed pipe for a 
cistern, in the case of an inter- 
mittent supply, must be sufficiently 
large to allow of its filling during 
the time the water is turned on from 
the mains. The flow of water into 
the cistern is regulated by a haU 
cock, so called from its being opened 
and shut by a lever, with a copper ball, which floats on the 
surface of the water. 

The service pipes to the different parts of the building 
are laid into the bottom of the cistern, but should not come 
within an inch of the actual bottom, in order that the sedi- 
ment, which is always deposited in a greater or less degree, 
may not be disturbed : the mouth of each pipe should be 
covered by a rose^ to prevent any foreign substances being 
washed into the pipes and choking the taps. 

To afford a ready means of cleaning out the cistern, a 
waste pipe is inserted quite at the bottom, sufficiently large 
to draw off the whole contents in a short time when re- 
quired ; into this waste pipe is fitted a standing waste, which 
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reaches nearly to the top of the cistern, and carries ofi the 
waste water, when, from any derangement in the working 
of the ball cock, the water continues nmning after the cis- 
tern is full To prevent any leakage at the bottom of the 
standing waste, the latter terminates in a brass plug, which 
is ground to fit a wash^ inserted at the top of the waste 
pipe. 

Where the supply of water is constant, instead of being 
intermittent, private cisterns may be altogether dispensed 
with; the iHain service pipes, not being required to dis- 
charge a large quantity of water in a short time, may be of 
smaller bore, and, consequently, cheaper, and a consider- 
able length of pipe is saved, as the water can be laid on 
directly to the several taps, instead of having to be taken 
up to the cistern and then brought back again. The constant 
flow of water through the pipes also much diminishes the 
risk of their bursting in frosty weather from freezing of 
their contents. 

WARMING AND VENTILATION. 

Iti4. The various contrivances employed for warming 
buildings may be classed as under: — 

Methods of Warming independently of Ventilation. 

1st By close stoves, the heating surface being either of 
iron or of earthenware 

2nd. By hot-air flues, passing under the floors. 

3rd. By a system of endless piping heated by a current 
of hot water from a boiler, the circulation being caused by 
the cooling, and consequently greater weight, of the water 
in the lower or returning pipe. 

Methods of Warming combined with Ventilation, 

4th. By open fii'es placed in the several apartments. 

6th. By causing air which has been previously heated 

to pass through the several rooms. This last system is 

more perfect than any of the others above described, both br 

regards economy of fuel and regulation of the temperature. 
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A great though common defect in the construction oi 
fireplaces is their being placed too high ; whence it is not 
unusual for the upper part of a room to be quite waim 
whilst there is a stratiun of cold air next the floor, the effect 
of which is very injurious to health. 

In all methods of warming, in which the air is heated 
by coming in contact with metaUic heating surfaces, care 
should be taken that their temperature should not exceed 
212°; as, when this limit is exceeded, the air becomes 
unfit for use, and offensive from the scorching of the par- 
ticles of dust or other matters that are always floating in it 

125. There are two modes in which artificial ventilation 
is effected, each of which is very efficient. 

The one most in use is to establish a draught in an air 
shaft or chimney communicating by flues with the apart- 
ments to be ventilated, the effect of which is to cause a 
constant current in the direction of the shaft, the ah- being 
admitted at the bottom of the building, and warmed or 
cooled as may be required, according to the season of the 
year. 

The new House of Lords is ventilated in this manner 
The air is admitted at the bottom of the buildings, filtered 
by being passed through fine sieves, over which a stream ol 
water is constantly flowing; wanned in cold weather by 
passing through steam cockles, and then, rising through 
the building, goes out through the roof into the fiu-nace 
chimney, the draught being assisted by a steam jet from a 
boiler. 

126. The other mode of ventilation to which we have 
alluded is on a completely opposite principle to that just 
described, the air being forced into the apartments by me- 
chanical means, instead of being dravm from them by the 
draught in the chimney. 

This latter plan is used with great success at the Reform 
Club House, the General Post-Office, and many other build- 
ings, the air being thrown in by the action of large fans 
driven by steam power. (See Note F, p. 157.) 
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DRAINAGE. 

127 This is a subject of equal importance with any of 
those previously noticed ; but as two volumes of this series 
are devoted to its consideration, it is unnecessary to enter 
upon it in these pages. 



SECTION XL 
MATEBIALS USED IN BUILDING. 

128. The materials used in building may be classed 
under the following heads, viz. — 

Timber. 

Stone. — See volume on " Blasting Books and on Stone." 

SuiTE.—See Section IV. Art. 234. 

Bkiczs and Tiles. — See volume on " Brick-making and 
Tile-makmg." 

Limes and Cements. — See also Mr. Bumell's volume, in 
this series. 

Metals. 

Glass. — See Section IV. Art 268. 

Colours and Varnishes. — See volume on " House-paint 
ing and Mixing Colours." 

Some of these form the subjects of separate volumes of 
this series, to which the reader is therefore referred aa 
above ; and others are noticed in Section IV. of this volume 
Our remarks in this section will, therefore, be exclusively 
confined to the consideration of Timber, Limes and Cements, 
and Metals. 

4 timber. 

129. If we examine a transverse section of the stem of a 
tree, we perceive it to consist of three distinct parts : the 
bark, the wood, and the pith. The wood appears disposed 
in rings round the pith, the outer rings being softer and 
containing more sap than those immediately round the pith 
which form what is called the heart wood. 
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These lings are also traversed by rays extending from 
the centre of the stem to the bark, called medvUary rays. 

The whole structure of a tree consists of mmute vessels 
and cells, the former conveying the sap through the wood 
in its ascent, and through the bai'k to the leaves in its 
descent ; and the latter performing the functions of secre- 
tion and nutrition during the life of the tree. The solid 
parts of a tree consist almost entirely of the fibrous parts 
composing the sides of the vessels and cells. 

By numerous experiments it has been ascertwned that 
the sap begins to ascend the spring of the year, throu^ the 
minute vessels in the wood, and descends through the bark 
to the leaves, and, after passing through them, is deposited 
in an altered state between the bark and the last year's 
wood, forming a new layer of bark and sap wood, the old 
bark being pushed foi'ward. 

As the annual layers increase in number, the sapwood 
ceases to perform its original functions ; the fluid parts are 
evaporated or absorbed by the new wood, and, the sides of 
the vessels being pressed together by the growth of the 
latter, the sapwood becomes heartwood or perfect wood 
and imtil this change takes place it is unfit for the purposes 
of the builder. 

The vessels in each layer of wood are largest on the side 
nearest the centre of the stem, and smallest at th« outside. 
This arises from the first being formed in the spring, when 
vegetation is most active. The oblong cells which surround 
the vessels are filled with fluids in the early growth ; but, 
as the tree increases in size, these become evaporated and 
absorbed, and the cells become partly filled with depositions 
of woody matter and indurated secretions, depending on 
the nature of the soil, and aflFecting the quality of the 
timber. Thus Honduras mahogany is full of black specks, 
while the Spanish is full of minute white particles, giving 
the wood the appearance of having been rubbed over with 
chalk. At a meeting of the Institution of Civil Engineers, 
Marchf 1 842, it was stated by Professor Brande, that '* a 
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beech tree in Sir John Sebright's psurk m Hertfordshire, on 
being cut down, was found perfectly black all up the heart 
On examination it was discovered tiiat the tree had grown 
upon a mass of iron scorisB from an ancient furnace, and 
that the wood had absorbed the salt of iron." This anecdote 
well explains the diflferences that exist between different 
specimens of the same kind of timber under different cir- 
cumstances of growth ; and it is probably the nature of the 
soil that causes the difference of character we have just 
named between Honduras and Spanish mahogany. 

There is a great difference in the character of the annual 
rings in different kinds of trees. In some they are very 
distinct, the side next the heart being porous, and the 
other compact and hard, as in the oak, the ash, and the 
elm. In others the distinction between the rings is so 
small as scarcely to be distinguished, and the texture of the 
wood is nearly uniform, as in the beech and mahogany. A 
third class of trees have the annual rings very distinct and 
their pores filled with resinous matter, one part being hard 
and heavy, the other soft and light-coloured All the 
resinous woods have this character, as larch, fir, pine, and 
cedar. 

The medullary rings are scarcely perceptible to the 
naked eye in the majority of trees ; but in some, as the 
oak and the beech, there are both large and small rings, 
which, when cut through obliquely, produce the beautiful 
flowered appearance called the silver grain. 

130. In preparing timber for the uses of the builder 
tiiere are three principal things to be attended to, viz. the 
age of the tree, the time of felling, and the seasoning for 
use. 

131. If a tree be felled before it is of full age, whilst the 
heartwood is scarcely perfected, the timber will be of infe- 
rior quality, and, from the quantity of sap contained in it, 
will be very liable to decay. On the other hand, if the 
tree be allowed to stand until the heartwood begins to 
decay, the timber will be weak and brittle : the best timber 
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comes from trees that have nearly done growing, as there 
is then hut little sap wood, and the heartwood is in the host 
condition. 

132. The hest time for felling trees is either in mid- 
winter, when the f ap has ceased to flow, or in midsummer, 
when ihe sap is temporaiily expended in the production of 
leaves. An excellent plan is to bark the timber in the 
spring and fell it in winter, by which means the sapwood is 
dried up and hardened ; but as the bark of most trees is 
valueless, the oak tree (whose bark is used in tanning) is 
almost the only one that will pay for being thus treated. 

133. The seasoning of timber consists in the extraction 
or evaporation of the fluid parts, which are Uable to decom- 
position on the cessation of the growth of the tree. This 
is usually effected by steeping the green timber in water, to 
dilute and wash out the sap as much as possible, and then 
diying it thoroughly by exposure to the air in an airy situa- 
tion. The time required to season timber thoroughly in 
this manner will of course much depend on the sizes of the 
pieces to be seasoned ; but for general purposes of carpen- 
try, two years is the least that can be allowed, and, in sea- 
soning timber for the use of the joiner, a much longer time 
is usually required. 

134. Decay of Timber, — Properly seasoned timber, placed 
in a dry situation with a free circulation of air round it, is 
very durable, and has been known to last for several hun- 
dred years without apparent deterioration. This is not, 
however, the case when exposed to moisture, which is 
always more or less prejudicial to its durability. 

When timber is constantly under water, the action of the 
water dissolves a portion of its substance, which is made 
apparent by its becoming covered with a coat of shme. If 
it be exposed to alternations of dryness and moisture, as in 
the case of piles m tidal waters, the dissolved parts being 
continually removed by evaporation and the action of the 
water, new surfaces are exposed, and the wood rapidly 
decays. 
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"Where timber is exposed to heat and moisture, the albu- 
men or gelatinous matter in the sap wood speedily putrefies 
and decomposes, causing what is called rot. The rot in 
timber is commonly divided into two kinds, the wet and the 
dry, but the chief difference between them is, that where 
the timber is exposed to the air, the gaseous products are 
freely evaporated ; whilst, in a confined situation, they com- 
bine in a new form, viz. the dry-rot fungus, which, deriving 
its noiuishment from the decaying timber, often grows to a 
length of many feet, spreading in every direction, and insi- 
nuating its delicate fibres even through the joints of brick 
walls. 

In addition to the somrces of decay above mentioned, 
timber placed in sea water is very liable to be completely 
destroyed by the perforations of the worm, imless protected 
by copper sheathing, the expense of which causes it to be 
seldom used for this purpose. 

135. Prevention of Decay. — The best method of protect- 
ing woodwork from decay when exposed to the weather is 
to paint it thoroughly, so as to prevent its being affected by 
moisture. It is, however, most important not to apply 
paint to any woodwork which has not been thoroughly sea 
soned ; for in this case the evaporation of the sap being 
prevented, it decomposes, and the wood rapidly decays. 

Many plans have been proposed for the prevention of the 
rot. Kyan's process * consists in impregnating the timber 
with corrosive sublimate, thus converting the albumcm into 
an indecomposable substance. This method, although not 
always successful, is undoubtedly of great use, particularly 
where inferior or imperfectly seasoned timber has to be 
used. It is, however, said to render the wood brittle. 

Payne's process f consists in impregnating the wood with 
metallic oxides, alkalies, or earths, as may be required, and 
decomposing them in the wood, forming new and insolu* 
ble compounds. Timber thus prepared wiU not bum, but 
only smoulder 

• Patjuled A.©. 1832. f Patented a.d. 1841. 



88 KUDIMENT8 OF THE 

A process invented by Mr. JBethell,* and much used in 
railway works, is to impregnate the timber with oil of tar : 
this appears to be very successful in preventing decay, but 
the danger of accidents from fire is much increased, f 

136. The variety of timber trees suitable to the purposes 
of the builder is very great; but fir and oak are. the kmds 
chiefly used, although larch, beech, poplar and other woods, 
are employed to a limited extent in localities where they 
can be obtained more cheaply than foreign timber. Very 
little home-grown fir is used in England, as foreign timber, 
either in balks, or cut up into planks, deals, or battens, can 
be obtained at a moderate price in all the large towns in 
the kingdom, and is very superior to any grown in this 
country. Baltic timber is more esteemed than American, 
but a very great deal of the latter is used. 

137. Fir is one of the most useful of the woods used by 
the builder. It is light, soft, easily worked, and very dura- 
ble ; but the lateral cohesion of the annual rings being very 
slight, it will not bear much strain, except in the du-ection 
of the length of the fibres. Bed pine is also much used 
for carpenters* work, and is very dm^able. Yellow pine is 
sometimes used for joiners* work, but it is an inferior mate- 
rial, and liable to rot 

138. Oak, for purposes requiring strength, is preferred of 
English growth ; that from Sussex is considered the best, 
being hard and fine-grained. The Dutch wainscot, which 
is grown in Germany, is a softer kind, and on that account 
not so apt to warp and twist, for which reason it is pre- 
ferred to EngUsh oak for the pmposes of the joiner : the 
texture of oak is very imiform, hai'd, and compact, which 
renders it superior to all other woods, as it will bear to be 
strained in any direction without fear of the rings separa- 
ting, as in the resinous woods. 

139. For internal finishings, mahogany is mudi used; 
that called Spanish, which comes from the West India Is 
lands, is considered the best. 

♦ Pdteated ia 1838. f See Note G, p. 158. 
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Tor joiners* and cabinet-makdTS* work, a great manj 
kinds of fancy wood are imported, which are cut by machi- 
nery into thin slices, called veneers, and used as an orna- 
mental covering to inferior work. In veneering, care should 
be taken that the body of the work be thoroughly seasoned, 
or it will shrink, and the veneer will fly oflf. 

LIMES AND CEMENTS, MORTAR, ETC. 

140. So much of the stability of brickwork and masoniy 
depends upon the binding properties of the mortar or 
cement with which the materials are united, especially when 
exposed to a side pressure, as in the case of retaining 
walls, arches, and piers, that it is of no small importance 
to ascertain on what the strength of mortar really depends, 
and how far the proportions of the ingredients require mo- 
dification, according to the quality of the lime that may 
have to be used. 

It was long supposed that the hardness of any mortar 
depended upon the hardness of the limestone, from which 
the lime used in its composition was derived ; but it was 
ascertained by the celebrated Smeaton, and since his time 
clearly shown by the researches of others, amongst whom 
may be named, Yicat in France, and Lieutenant-General 
Sir Charles Pasley in this country, that the hardness of the 
limestone has nothing to do with the matter, and that it is 
its chemical composition which regulates the quality of the 
mortar. 

141. Limestone may be divided into three classes. 
1st Pure limes — as chalk. 

2nd. Water limes — some of which are only slightly 
hydraulic, as the stone limes of the lower chalk, whilst 
others are eminently so, as the Has limes. 

8rd. Water cements— as those of Sheppy and Harwich. 

142. In making mortar the following processes are gone 
through. 

Ist The limestone is calcmed by exposure to strong 
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heat in a kiln, which drives ofif the carbonic acid gas con^ 
tained in it, and reduces it to the state of qmck-lime. 

2nd. The quick-Ume is slaked by poiuring water upon 
it, when it swells, more or less, with considerable heat, 
and falls into a fine powder, forming a hydrate of lime. 

3rd. The hydrate thus formed is mixed up into a 
stiffish paste, with the addition of more water, and a pro- 
per proportion of sand, and is then ready for use. 

143. Pure Linies. — ChaUc is a piure carbonate of lime, 
consisting of about 6 parts of lime combined with 4 of car- 
bonic acid gas. It expands greatly in slaking, and will bear 
from 3 to 3^ parts of sand to one of lime, when made up 
into mortar. Chalk lime mortar is, however, of little value, 
as it sets or hardens very slowly, and in moist situations 
never sets at all, but remains in a pulpy state, which ren- 
ders it quite unfit for any work subjected to the action of 
water, or even for the external walls of a building. 

144. Gypsum, from which is made plaster of Paris for 
cornices and internal decorations, is granular sulphate of 
lime, and contains 26*5 of lime, 37*5 of sulphuric acid, and 
17 of water. It slakes without swelling, with a moderate 
heat, setting hard in a very short time, and will even set 
under water ; but as it is, like other pure limes, partly solu- 
ble in water, it is not suitable for anything but internal 
work 

146. Water limes have obtained their name from the pro- 
perty they possess in a greater or less degree of setting 
under water. They are composed of carbonate of lime, 
mixed with silica, alumina, oxide of iron, and sometimes 
other substances. 

146. Dorking lime, obtained from the beds of the lower 
chalk, at Dorking, in Surrey ; and HalUng lime, from a simi- 
lar situation near Rochester, in Kent, are the principal limes 
used in London for making mortar, and are slightly hy- 
draulic ; they expand considerably in slaking, but not so 
much as the pure limes, and will make excellent mortar 
when mixed with 3 parts of sand to 1 of lime. Mortar 
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made with these limes sets hard and moderately quick, and 
ichen set, may be exposed to considerable moisture without 
injury ; but they wiU not set under water, and are therefore 
unfit for hydraulic works, unless combined with some 
other substance, as jmzzolana, to give them water-setting 
properties. 

147. The bins lias limes are the strongest water limes in 
tliis country. They slake very slowly, swelling but little in 
the process, and set very rapidly even under water ; a few 
days only sufficing to make the mortar extremely hard. 
The lias limes will take a much smaller proportion of sand 
than the pure limes, the reason of which wiU be understood 
when it is remembered that they contain a considerable 
proportion of siUca and alumina, combined with the lime 
in their natural state, and consequently the proportion of 
sand which makes good mortar with chalk lime, would ruin 
mortar made with Aberthaw, Watchet, Barrow, and other 
lias limes. 

In the Vale of Belvoir, where the lias lime is extensively 
used, the common practice is to use equal parts of Ume and 
sand for inside, and half sand to one of Hme for face, work. 

148. Wat^ Cements. — These differ from the water-limes, 
as regards their chemical composition, only in containing 
less of carbonate of lime and more of silica and alumina. 
They require to be reduced to a fine powder after calcina- 
tion, without which preparation they cannot be made to 
slake. The process of slaking is not accompanied by any 
increase of bulk, and they set imder water in a short time, 
a few hours sufficing for a cement joint to become perfectly 
hard. 

The principal supplies of cement-stone for the London 
market are derived from Harwich in Essex, and the Isle of 
Sheppy in Kent ; where they are found in the London clay 
in the form of calcareous nodules. 

Cement will not bear much sand without its cementitious 
properties being greatly weakened, the usual proportion 
being equal parts of sand and cement 
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149. The use of natural cement was introduced by Mr 
Parker, who first discovered the properties of the cement- 
stone in the Isle of Sheppy, and took out a patent for the 
sale of it in 1796, under the name of Koman cement. 

Before that time, hydraulic mortar, for dock walls, har- 
bour work, &c., was usually made, by mixing common lime 
with trass, fi*om Andemach in Germany, or with puzzolana 
firom Italy ; both are considered to be volcanic products, the 
latter containing silica and alumina, with a small quantity 
of lime, potash, and magnesia. Iron is also associated with 
it in a magnetic state 

150. The expense of natural puzzolana led to the manu- 
facture of artificial puzzolana, which appears to have been 
used at an early date by the Romans, and has continued in 
use in the South of Europe to the present day ; artificial 
puzzolana is made of pounded bricks or tile dust. The 
Dutch manufacture an artificial puzzolana fix)m burnt clay, 
in imitation of the trass of Andemach, which is said to be 
a close imitation of the natural product. 

151. The great and increasing demand for cement, and 
its great superiority for most purposes over lime mortar, 
have induced manufacturers to turn their attention to the 
manufacture of artificial cement, and this has been at- 
tended in many instances with perfect success ; the artifi- 
cial cements now oflfered for sale, formed by imitating the 
composition of the natural cement-stones, being mostly 
equal in quality, if not superior, to the Roman cement, the 
use of which has been partly superseded by them. 

15^. The quality of the sand used in making mortar is 
by no means unimportant. It should be clean and sharp ; 
t. e, angular, and perfectiy firee from all impurities. The 
purer the lime the finer should be the quality of the sand, 
the pure limes requiring finer, and the cements a coarser 
sand, than the hydrauUc limes. 

GONOBETE AND BETON. 

153. Rubble masonry, formed of small stones bedded in 
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mortar, appears to have been commonly used in EnglaniT 
from an early period; and similar work, cemented wim 
hydraulic mortar, was constantly made use of by the Ko- 
mans in their sea-works, of which many remains exist at the 
present day in a perfectly soimd state. 

154. This mode of forming foimdations, in situations 
where solid masonry would be inapplicable, has been re 
vived in modem times; in England under the name of 
concrete, and on the Continent under the name of beton. 
Although very similar in their nature and use, there are yet 
great diflferences between beton and concrete, which de- 
pend on the nature of the lime used, concrete being made 
with the weak water limes which will not set under water, 
whilst beton is invariably made with water-setting limes, or 
with limes rendered hydraulic by the addition of puzzolana. 
Describing the two by their differences, it may be observed 
that concrete is made with unslaked lime, and immediately 
thrown into the foundation pit ; beton is allowed to stand 
before use, imtil the lime is thoroughly slaked : concrete is 
thrown into its place and rammed to consolidate it ; beton 
is gently lowered and not afterwards disturbed: concrete 
must be thrown into a dry place, and not exposed to the 
action of water until thoroughly set; beton, on the cop- 
trary, is made use of principally under water, to save thb 
trouble and expense of laying dry the bottom. 

155. Concrete is usually made with gravel, sand, and 
ground imslaked lime, mixed together with water, the pro- 
portions of sand and lime being those which would make 
good mortar without the gravel, and, of coiu^e, varying ac- 
cording to the quality of the Ume ; with the common Umes, 
slaking takes place at the time of mixing, and the quality 
of the concrete is all the better for the freshness of the Ume. 
If lias lime be used, the concrete becomes beton, and must 
be treated accordingly 

The lime in this case must be thoroughly slaked (which 
often takes many hours) before it can be considered fit for 
use ; and, if this precaution be not attended to, the whole 

K 
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of the work, after having set very hard on the suiface, 
Clacks and becomes a friable mass, from the slaking of the 
refractory particles after the body of the concrete has set. 

The reader is referred, for further information on this 
subject, to the volume of this series on " Foundations and 
Concrete Works." 

156. Asphalte, so much in use at the present day for 
foot-pavements, terrace-roofs, Ac, is made by melting the 
asphalte rock, which is a carbonate of lime intimately com- 
bined with bitinnen, and adding to it a small portion of 
mineral tar, which forms a compact semi-elastic solid, ad- 
mirably adapted for resisting the effects of fix>st, heat, and 
wet 

Many artificial asphaltes have been brought under public 
notice from time to time, but they are all inferior to the 
natural asphalte, in the intimate combination of the lime and 
bitumen, which it appears impossible to effect thoroughly 
by artificial means. 

METALS. 

A 6 7. The metals used as building materials are iron, 
lead, copper, zinc, and tm. 

158. Iron, — Iron is used by the builder in two different 
states, viz. cast iron and wrought iron, the differences be- 
tween them depending on the proportion of carbon com- 
bined with the metal ; cast iron containing the most, and 
wrought iron the least. 

159. Previous to the middle of the last century, the 
smelting of iron was carried on with wood charcoal, and the 
ores used were chiefly from the secondaiy strata, although 
the clay ironstones of the coal measures were occasionally 
used. 

The weald of Kent and Sussex* contained many iron- 
works during the seventeenth centuiy. That at Lamber- 
hurst, near Tunbridge Wells in Sussex, is noted as having 

• The clay ironstones of Sussex are very rich, and are still raised in 
eon«iderable quantities, and shipped for Wales and Newcastle. 
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mmished the cast-iron railing round St. Paul's Cathedral. 
The tilt hammers used in forging bar iron were chiefly 
worked by water power. A large pool in Beeding Forest, 
near Horsham in Sussex, still retains the name of the 
Hammer Pond, and the former sites of many old forges in 
the wealden district may still be traced by the heaps of 
cinders which yet remain here and there, and by the local 
names to which the works gave rise. 

160. The introduction of smelting with pitcoal coke 
during the last century caused a complete revolution in the 
iron trade. The ores now chiefly used are the clay iron- 
stones of the coal measures, and the fuel, pitcoal or coke. 
Steam power is almost exclusively used for the production 
of the blast in the furnaces, and for working the forge ham- 
mers and rolling mills. 

161. For the production of wrought iron in the ordinary 
manner, two distinct sets of processes are required. 1st 
The extraction of the metal from the ore in the shape of 
cast iron. 2nd. The conversion of cast iron into malleable 
or bar-iron, by re-melting, puddling, and forging. The 
conversion of bar iron into steel is effected by placing it 
m contact with powdered charcoal in a furnace of cementa- 
tion. (See Note H, p. 158.) 

•162. Cast iron is produced by smelting the previously 
calcined ore in a blast fiunace, with a portion of limestone 
as a flux, and pitcoal or coke as fuel. The melted metal 
sinks to the bottom of the furnace by its greater specific 
gravity. The limestone and other impurities float on the 
top of the melted mass, and are allowed to run off, forming 
slag or cinder. The melted metal is run off from the bot- 
tom of the furnace into moulds, where castings are re- 
quired, and into furrows made in a level bed of sand, when 
the metal is required for conversion into malleable iron, the 
bars thus produced being called pigs, 

163. In the year 1827, it was discovered that by the use 
of heated air for the blast, a great saving of fuel could be 
effected, as compared with the cold blast process. 

E % 
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The hot hlast is now very extensively in use, and has the 
douhle advantage of requiring less fuel to bring dovm an 
equal quantity of metal, and of enabling the manufacturer 
to use raw pitcoal instead of coke, so that a saving is 
effected both in the quantity and cost of the fuel. 

For a considerable time after its introduction it was held 
in great disrepute, which, however, may be chiefly attributed 
to the inferior quality of materials used, the power of the 
hot blast in reducing the most refractory ores offering a 
great temptation to obtain a much larger product from the 
furnace than was compatible with the good quality of the 
metal. The use of the hot blast by firms of acknowledged 
character has greatly tended to remove the prejudice against 
it; and in many iron works of high character, nothing but 
the hot blast with pitcoal is used in the smelting fimiaces, 
the use of coke being confined to the subsequent pro^ 
cesses. 

Perhaps it may be laid down as a general principle, that 
where the pig iron is re-melted with coke in the cupola 
furnace, for the piuposes of the ironfounder ; or refined 
with coke in the conversion of forge pig into bar iron, it is 
of little consequence whether the reduction of the ore has 
been effected with the hot or the cold blast; but where 
castings have to be run directly from the smelting furnace, 
the quality of the metal wiU, no doubt, suffer from the use 
of the former. 

164. Cast iron is divided by ironfounders into three qua- 
lities. No. 1, or black cast iron, -is coarse-grained, soft, and 
not very tenacious. When re-melted it passes into No. 2, 
or g^rey cast iron. This is the best quality for castings re- 
quiring strength : it is more finely grained than No. 1, and 
is harder and more tenacious. When repeatedly re-melted 
it becomes excessively hard and brittle, and passes into No. 
3, or white cast iron, which is only used for the commonest 
castings, as sash-weights, cannon-balls, and similar articles. 
White cast iron, if produced direct from the ore, is an in- 
dication of derangement in the work'pg of the furnace, and 
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IS unfit for the ordinary purposes of the founder, except to 
mix with other qualities. (See Note I, p. 159.) 

165. Girders and similar solid articles are cast in sand 
moulds, enclosed in iron frames or booees, each mould re- 
quiring an upper and lower box. A mould is formed by 
pressing sand firmly round a wooden pattern, which is after- 
ivards removed, and the melted metal poured into the space 
thus left through apertm^es made for the purpose. 

The moulds for ornamental work and for hollow castings 
are of a more complicated construction, which will be bet- 
ter understood from actual inspection at a foundry than fi'ora 
any written description. 

Almost all irons are improved by admixture with others, 
and, therefore, where superior castings are required they 
should not be run direct from the smelting furnace, but 
the metal should be re-melted in a cupola furnace, which 
gives the opportunity of suiting the quality of the iron to 
its intended use. Thus, for delicate ornamental work, a 
soft and very fluid iron will be required, whilst, for girders 
and castings exposed to cross strain, the metal will require 
to be harder and more tenacious. For bed-plates and cast- 
ings which have merely to sustain a compressing force, the 
chief point to be attended to is the hardness of the metal. 

Castings should be allowed to remain in the sand imtil 
cool, as the quality of the metal is greatly injured by the 
rapid and irregular cooling which takes place from exposure 
to air if removed from the moulds in a red-hot state, which 
is sometimes done in small foundries to economise room 

Staffordshire, Shropshire, and Derbyshire, afford the 
best irons for castings. The Scot<;h iron is much esteemed 
for hollow wares, and has a beautifully smooth surface, 
which may be noticed in the stoves and other articles cast 
by the Carron Company. 

The Welsh iron is principally used for conversion into 
bar iron. 

166. The conversion of forge pig into bar iron is effected 
by a variety of processes, which have for their objec:t the 
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freeing the metal from the carbon and other impurities 
combined with it, so as to produce as nearly as possible 
the pure metal We do not purpose to enter in these pages 
into any of the details of the manufacture of bar iron, or 
of its conversion into steel, as oiu: business is rather with 
the ironfounder than the manufacturer ; it may, however, 
be proper to state, that new processes have lately been 
patented, by which both malleable iron and steel may be 
produced directly from the ore, without the use ef the 
smelting furnace, a plan which is likely to be attended with 
beneficial results, both as regards economy and quality of 
metal. 

167. Lead.^Liead is used by the mason for securing 
dowels, coating iron cramps, and similar purposes, see Sec- 
tion IV., Plumber. 

Lead is also used by the smith in fixing iron railings, 
and other work where iron is let into stone ; but the use 
of lead in contact with iron is always to be avoided, if pos* 
sible, as it has an mjurious effect upon the latter metal, 
the part in contact with the lead becoming gradually 
softened. 

The chief value of lead, however, to the builder, is as a 
covering for roofs, and for lining gutters, cisterns, &c., for 
which uses it is ^perior to any other metal. For these 
purposes the lead is cast into sheets, and then passed be- 
tween rollers in a flatting-mUl^ until it has been reduced to 
the required thickness. 

Cast-lead is often made by plumbers themselves from 
old lead taken in exchange ; but it is very inferior to the 
milled lead of the manufactiurer, being not so compact, and 
often containing small air-holes, which render it unfit fci 
any but inferior purposes 

J 68. Copper, — See Section IV., Coppersmith. 

1 69. Zinc, — See Section IV., Zincworker. 

170. Brass is an alloy of copper and zinc, the best 
proportions being nearly two parts of copper to one of 
zinc. 
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i1\. Broiize is a compound metal, composed of coppei 
and tin, to which are sometimes added a little zinc and 
lead. 

The best proportions for casting statues and bas-reliefs 
appear to be attained when the tin fwrns about 10 per cent 
of the alloy. 

By alloying copper with tin, a more fusible metal is 
obtained, and the alloy is much harder than pure copper ; 
but considerable management is required to prevent the 
copper from becoming refined in the process of melting, 
a result which has frequently happened to inexperienced 
founders. 

172. Bell-metal is composed of copper and tin, in the 
proportion of 78 per cent, of the former to 22 per cent, of 
the latter 



SECTION III. 
STRENGTH OF MATERIALS. 

173. There are three principal actions to which the ma- 
terials of a building are exposed. 

1st Compression— as in the case of the stones in a 
wall. 

2nd Tension — ^as in the case of a king-post or tie- 
beam. 

3rd. Cross strain— as in the case of a bressummer, 
floor-joists, &c. 

The last of the three is the only one against which pre- 
cautions are especially necessary, as in all ordinary cases 
the resistance of the materials used for building is far be- 
yond any direct crushing or pulling force that is likely to 
be brought upon them. 

174. 1st Resistance to Compression. — The following table 
shows the force required to crush Ij in. cubes of BCveraJ 
kinds of building materiiil . — • 
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Ibf. lbs. 

Good brick . . . 1817 Portland stone 10,»284 
Derbyshire grit . 7070 Granite „ 14,300 

These amounts so far exceed any weight that could have 
to be borne on an equal area, under ordinary cbrcumstances, 
that it is quite unnecessary in the erection of a building to 
make any calculations on this head when using these or 
similar materials. 

Cast iron may be considered as practicably incompres- 
sible ; wrought iron may be flattened under great pressure, 
but cannot be crushed. Timber may be considered, for 
practical purposes, as nearly incompressible, when the 
weight is applied in the direction of the fibres, as in the 
case of a wooden story-post ; but the softer kinds, as fir, 
offer little resistance, when the weight is applied at right 
angles to the fibres, as in the case of the sill of a partition ; 
and, besides this, timber, however well-seasoned, will al 
ways shrink, more or less, in the du'ection of its thickness, 
so that no important bearings should be trusted to it 

176. 2nd. Resistance to Tension. — The principal building 
materials that are required to resist direct tension are timber 
and wrought iron, (See Note K, p. 159.) 

The following table shows the weight in tons requin»d 
to tear asunder bars 1-inch square of the following mate- 
rials: — 





Tons. 


Oak 


6^ 


Fur ... 


H 


Cast iron ... . . 


7} 


Wrought iron .... 


10 


Wrought copper .... 


16 


English bar kon 


86 


Blistered steel . 


69J 



Cast iron, however, although included in the above table, 
is an unsuitable material for the purpose of resisting ten- 
sion, being comparatively brittle. With regard to tUnber^ 
it is practicably impossible to tear asunder a piece of even 
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moderate size, by a force applied in the direction of the 
fibres, and therefore the dimensions of king-posts, tie- 
beams, and other timbers which have to resist a pullmg 
force, are regulated by the necessity of forming proper 
joints and connections with the other parts of the framing 
to which they belong, rather than by their cohesive strength 
£ut it must be borne in mind, that although the strength 
of all kinds of timber is very great in the direction of tlie 
fibres, the' lateral cohesion of the annual rings is in many 
kinds of wood very slight, and must be assisted by iron 
straps in all doubtful cases. The architects of the middle 
ages executed their magnificent wooden roofs without these 
aids, but they worked in oak, and not in soft fir, which 
would split and rend if treated in the same way. 

Wrought iron is extensively used for bolts, straps, tie- 
rods, and all purposes which require great strength, witli 
small sectional area ; one-fourth of the breaking weight is 
usually said to be the limit to which it should be strained ; 
but, in all probability, this amount might be doubled with- 
out any injurious effects. 

STRENGTH OF BEAMS. 

176. 3rd. Cross Strain, — ^In calculating the strength of 
beams when exposed to cross or transverse strain, two 
principal considerations present themselves: 1st, The me- 
chanical effect which any given load will produce under 
varying conditions of support; and 2ndly, The resistance 
of the beam, and the manner in which this is affected by 
the form of its section. 

J 77. ] St. Mechanical Effect of a given Load under varying 
Circumstances. — ^If a rectangular beam be supported at each 
end and loaded in the middle, the strength of the beam, 
its section remaining the same, will be inversely as the 
distance between the supports, the weight acting with a 
leverage which increases at this distance.* If a beam be 

* It may be as well to observe that, although this is true as to tb< 
strength of beams under ordinary circumstances, it does not bold good whoi 

E 3 
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fixed at one end and weighted at the other (fig. 76), its 
strength will be half that of a similar beam of double the 

Fig. 75. 




length supported as first described (fig 76). A parallel 
cabe to this is that of a beam supported m the middle and 

Fig. 76. 



^ 



on nn 

i 

Fig, 77. 

no no 



^ 



loaded at the ends (fig 77). In each of the above cases 
the beam will bear double the load if it be equally distri- 
buted over its whole length, as shown by the dotted lines ; 

the loading is carried to the breaking point, the deflection of the beam 
causing an increase or diminution of the leyerage according to the mode of 
fopport The difference of strength arising from this cause is, howeyer, too 
trifling to be taken into consideration, except in delicate experiments on th« 
altin ate strength of beams. 
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and lastly, the strength of a beam firmly fixed at the ends 
ift to its strength whi3n loosely laid on supports as 3 to 2 
{see fig. 78). 

JFV.78. 




'Cmnnom 




These results may be simply expressed thus : 
Let s be the weight which would break a beam of given 
length and scantling fixed at one end and loaded at the 
other ; 

then 2 s would break the same beam fixed at one end and 
uniformly loaded ; 
4 s would break the same beam supported at each end 

and loaded in the middle ; 
6 8 would break the same beam fixed at each end and 

loaded in the middle ; 
8 8 would break the same beam supported at each end 

and imiformly loaded ; 

1 2 8 would break the same beam fixed at each end and 

uniformly loaded. 

1 78. 2nd. Eesistance of the Beam. — If a beam be loaded 

so as to produce fi:acture, this will take place about a centre 

or neutral axis, below which the fibres will be torn asimder, 

and above which they will be crushed. This may be very 

clearly illustrated by drawing a number of parallel lines 

with a soft pencil on the edge of a piece of India rubber, 

and bending it round, when it will be seen that the lines 

are brought closer together on the concave, and stretched 

further asimder on the convex side, whilst, between the two 

edges, a neutial line may be traced, on which the divisions 
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remain of the original size, which neutral line divides the 
fibres that are subjected to compression from those in a 
state of tension {see fig. 79). 

j^, 79. The resistance of a rectangular beam 

will, therefore, depend, 1st, on the 
number of fibres, which will be propor- 
tionate to its breadth and depth ; 2nd, 
on the distance of those fibres from 
the neutral axis, and the consequent 
leverage with which they act, which 
will also be as the depth ; and, lastly, on the actual strength 
of the fibres, which will vary with different materials, and 
can only be determined approximately from actual experi 
ments on rectangular beams of the same material as those 
whose strength is required to be estimated. 

The actual strength of any rectangular beam will, there- 
fore, be directly as its breadth multiplied by the square of 
the depth, and inversely as its length; or, calling s the 
transverse strength of the material, as in art 177, b the 
breadth, d the depth, I the length between the supports, 
and W the breaking weight, 

W = — - 

The following may be taken as the value of s for iron 
and timber, the length being taken in feet, the breadth and 
depth in inches, and the breaking weight in pounds. 

Constant multiplier Constant multiplier 

for rectangular beams for rectangular beams 

fixed at one end and loosely supported at 

leaded at the other. the ends and loaded 

in the middle. 

Wrought fron 512 ] ( 2048 

Cast ditto 500 > x 4 \ 2000* 

Fir and English oak 100 * i 400 

* The above is an average value calculated from a great number of puh- 
lisked experiments on different irons. The best Derbyshire and Stafford- 
shire irons might probably be taken as high as 2500, whilst the ordinary 
Scotch hot>blast irons could not be trusted to bear more than from 1700 to 
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It must be remembered that the numbeis here given in- 
dicate the breaking weight, not more than one-third of 
which should ever be applied in practice. Timber is per- 
manently injured if more than even one-fourth of the 
breaking weight is placed on it, and, therefore, this limit 
should never be passed. 

A single example will suffice to show the importance of 

the principles just explained, and the lamentable results 

that may follow from ignorance of them. If we take a fir 

binding joist, say 9 in. x 4 in., which is to have a bearing 

of 12 ft between its supports, and place it edgeways, it will 

400 X 4 X 9^ 

requure to break it a weight = t^ = 10,800 lbs.; 

but if, for the purpose of gaining height, we place it fla^ 

400 X 9 X 4^ 
ways, it will break with a weight = ^o = ^^^^ 

lbs., or less than one-half. 

1 79. We may see from this example that the shape of 
any beam has a great influence on its strength ; and in 
making beams of iron, which can be cast with great facility 
in any required shape, it becomes an important question 
how to obtaui the strongest form of section with the least 
expenditure of metal. 

The usual section given to cast-iron girders is that of a 

thin and deep rectangular beam, with flanges or projections 

on each side at top and bottom ; where the strength of the 

Fig, 80. metal will be most elfective, as being 

at the greatest possible distance from 

1^" the neutral axis ("^g. 80). 

The great question now is, what 
should be the relative thickness of the 
top and bottom flanges, the centre 
part of the beam having been made 
as thin as is consistent with soimd 
casting? 

If the metal were incompressible, the top flanges might 
be infinitely thin ; if incapable of extension, the bottom 
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ones might be indefinitely reduced. If it offered equal re 
sistance to tension and compression, the neutral axis would 
occupy the centre of the beam, and the top and bottom 
flanges would require to be of equal strength. 

We are mdebted to Mr. Eaton Hodgkinson for the pub- 
lication* of a valuable set of experiments conducted by 
him, having for their object the determination of the posi- 
tion of the neutral axis in cast-iron beams. The result of 
his experiments is, that in cast-iron rectangular beams, the 
position of the neutral axis at the time of fracture is at 
about one-seventh of the whole depth of the beam below 
its upper siuface Hence, in girders with flanges, the 
thickness of the bottom flanges should be six times that 
of the upper ones (supposing them to be of the same 
width), in order to obtain the greatest strength with the 
least metal. Practically it would be almost impossible to 
cast a beam thus proportioned, and, therefore, the top 
flanges are made of the same thickness, or nearly so, as 
the bottom ones, but of a less width, so as to contain the 
same relative quantity of metal, disposed in a more con 
venient form for casting (fig. 80). 

The difficulty of making sound castings where the parts 
are of unequal thickness also renders it necessary to make 
the thickness of the middle rib nearly equal to that of 
the flanges. 

180. To calculate the strength of a cast-iron beam, the 
sectional area of whose top flanges is ^ of that of the 
bottom ones, we must find that of a rectangular beam of 
the same extreme depth and width, and deduct from it the 
resistance of the portions omitted between the top and 
bottom flanges (fig. 80). 

If we call the whole width of the bottom of the beam, 
W, the sum of the widths of the two bottom flanges, tr, the 
whole depth of the beam, D, and the vertical distance be- 
tween the flanges d (on the supposition that the top flanges 

* Bxperimental Besearehes on the Strength and other PropertifS of Cast 
Iron, Sto, 1846. Wbale. 
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arc of the same widdis as the bottom ones, and ^ of theii 
thickness, as shown by the dotted lines in fig. 80), the dis- 
tance between the supports, Z, the strength of the material, 
8, as in art. 177, and if the weight required to break a beam 
when loosely supported at the ends and loaded in the 
middle be called a?, 

Then x = ^ ^ ^—, 

and if we take the length in feet and the other dimensions 
hi inches, and call « = 560 lbs., which is not too much for 
the best Staffordshire irons ; then 

4 8 = 2240 lbs. = 1 ton ; and therefore ^^^-^^ _ == 

breaking weight in tons. 

The value of d in this rule will be D — J of the thick- 
ness of the bottom flanges, and so long as the sectional 
area of the top flanges is more than ^ of that of the bottom 
ones,* the rule may be applied to girders of variously pro- 
portioned flanges, as the additional sti*ength gained by in- 
creasing the size of the top flanges beyond the proportion 
here named is veiy small in proportion to the metal used, 
and, in neglecting to take it into account, we are sure to err 
on the safe side 

181. It must not be supposed, that because increasmg 
the thickness of the top flanges does not materially increase 
the resistance to vertical pressure, it is on that account use- 
less : on the contrary, where a beam is of considerable 
depth in proportion to the widths of the bottom flanges, 
it will often be desirable to make the top flanges more than 
^ of the bottom ones, in order to prevent the girder from 
twisting laterally, and to increase the resistance to any side 

* It must be remembered that in making the top flanges narrower than 
khe bottom ones for convenience of casting, as the bulk of the metal i« 
brought nearer to the neutral axis by so doing, the sectional area of the top 
flanges must be rather more than ^ of that of the bottom ones, in order tc 
keep the position of the neutral axis the same as in a rectangular beam. 
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thrust to which it may be exposed from brick arches oi 
othei*wise. 

182. In practice, it is not desirable to load iron girders 
beyond { of their ultimate strength, and they should be 
proved before use by loading them to this extent or a little 
more, but care should be taken never to let the proof exceed 
i the breaking weight, as a greater load than this strains 
and distresses the metal, making it permanently weaker. 
The ultimate strength of a girder of the usual proportions 
may be approximately ascertained from its deflexion under 
proof on the assumption that a load equal to half the break- 
ing weight will cause a deflection of -^j^ of its length.* 

183. Trussed Timber Beams. — Timbers exposed to severe 
strain require to be trussed with iron, and this may be done 
in two ways: 1st, by inserthig cast-iron struts, as in fig. 81, 

Fig. SI. 




thus placing the whole, or nearly the whole, of the wood- 
work in a state of tension ; 2nd, by wrought-iron tension, 
rods, as in fig. 82, which take the whole of the tension, 

Ftff. 82. 




whilst the timber is thrown entirely into compression The 
latter mode of trussing is now very extensively used in 
strengthening the carriages of travelling cranes and for 
similar purposes ; and, by its use, a balk of timber which 
will barely support its own weight safely without assistance, 

* The author is indebted for this rule to the manager of the FluBsiK 
Foundry, Derby. See aldo Note L, p. 160. 
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may be made to carry a load of many tons without sensible 
deflection. 

STRENGTH OF STORY-POSTS AND OABT-IRON PILLARS. 

184. When a piece of timber, whose length is not less 
than 8 or 10 times its diameter, is compressed in the 
direction of its length, as in the case of a wooden story- 
post supporting a bressummer, it will give way if loaded 
beyond a certain point, not by crushing, but by bending 
and will ultimately be destroyed by the cross strain, just as 
a horizontal beam would be by vertical pressure applied at 
right angles to the fibres. The rules for determining 
the dimensions of a piece of timber to support a given 
weight without sensible flexure are very complicated, and 
are of little practical value, as they depend upon the condi- 
tion that the pressure is exactly in the direction of the axis 
of the post — a condition rarely fulfilled in practice. 

185. Wooden story posts have been to a great extent 
superseded by the use of cast-iron pillars, which possess 
great strength with a small sectional area, and are on that 
account pai-ticularly well adapted to situations where it is of 
consequence to avoid obstructing light, as in shop-fronts. 

In determining the design of a cast-iron pillar, whose 
length is 20 or 30 times its diameter, two points have to be 
considered: 1st, the liability to flexm-e; 2nd, the risk of the 
ends being crushed by the load not acting in the direction 
of the axis of the pillar. 

The resistance to flexure is greatly in- 
^9' 83. creased by enlarging the bearing surface 

' at the ends of the pillar, as in fig. 83, 
which, on the other hand, increases the 
liability of the ends to fracture, in the 
event of the load being thrown on the side instead of on 
the centre of the column, by any irregular settlement of 
the building. The judicious architect will, therefore, take a 
mean course, swelling out the capitals and bases of his 
cast-iron pillars enough to prevent their shafts from bend- 
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uig, but at the same time avoiding any thin flanges or prr> 
jections, which might be liable to be broken. No theo- 
retical rule for determining the proportions of a cast-iron 
pillar depending on the weight to be supported can be de- 
pended on in practice. The real measure of the strength 
of a cast-iron story-post must be the power of resisting 
any lateral force which may be brought against it ; and as 
a slight side blow will suffice to fracture a pillar which is 
capable of supporting a vertical pressure of very many tons, 
we have only to make sure of the lateral strength, and we 
are quite certain to be on the safe side as regards any 
vertical pressure which it may have to sustain. 

186. Besides the above cases of transverse strain, there 
are others arising from irregular settlements, which are 
amongst the greatest difficulties with which the builder has 
to contend. Thus, to take a familiar instance, the window 
sills of a dwelling-house are often broken by the settlement 
of the brickwork being greater in the piers than under the 
sills, from the greater pressure on the mortar joints ; and 
this will take place with a difference of settlement which 
can scarcely be detected, even by careful measurement* 
We need not here enlarge on this subject, as we have several 
times in the preceding pages had occasion to notice both 
the causes of irregular settlement, and the precautions to be 
taken for its prevention. 

The strength of materials to resist torsion or twisting, as 
in the case of a driving shaft, is an important consideration 
in tiie construction of machinery, but is of little conse- 
quence in the erection of buildings, and therefore need not 
be noticed in these pages. 

* The reader need scarcely be told that a careful builder will always defer 
pinning up his sills until some time has been allowed for the settlement oi 
the brickwork, hut this will not always preyent ultimate fracture 
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SECTION IV. 
USE OF MATERIALS. 

EXOAYATOB 

187. The digging required for the foundations of com- 
mon buildings usually forms part of the business of the 
bricklayer, and is paid for at per cubic yard, according to 
the depth of the excavation, and the distance to which the 
earth has to be wheeled ; this being estimated by the run 
of 20 yards 

In large works, which require coffer-dams and pumping 
apparatus to be put down before the ground can be got out 
for the foundations, the work assumes a different character, 
and is paid for accordingly ; the actual excavation being only 
a small item of the total cost compared with those of dredg- 
ing, piling, puddling, shoring, pumping, &c. 

The workmen required for the construction of coffer-dams 
and similar works are labourers of a superior class, accus- 
tomed to the management of pile-engines and tackle, and 
competent to the execution of such rough carpenter's work 
as is required in timbering large excavations. 

The methods in use of constructing coffer-dams, driving 
piles, and executing other work connected with foimdations, 
are described in the volume of this series on ** Foundations 
and Concrete Works;" to which the reader is referred for 
further information on the subject 

BBIGELATEB 

188. The business of a bricklayer consists m the execu- 
tion of aU kinds of work in which brick is the principal 
material ; and in London it always includes tiling and pav- 
ing with bricks or tiles. Where undressed stone is much 
used as a building material, the bricklayer executes this 
kind of work also, and in the country, the business of the 
plasterer is often united with the above-named branches 

1 80. The tools of the bricklayer areJlie-^rotM^^ take up 

. ^ Of THE '^ \ 
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and spread the mortar, and to cut bricks to the requisite 
length: the bnck axe, for shaping bricks to any required 
bevel ; the tin aaw^ for making incisions in bricks to be cut 
with the axe, and a rubhing-stoney on which to rub the bricks 
smooth after being roughly axed into shape. The jointer 
and the jointing-rule are used for running the centres of the 
mortar-joints The raker, for raking out the mortar from 
the joints of old brickwork previous to re-pointing. The 
hammer, for cutting chases and splays. The banker is a 
piece of timber about 6 feet long, raised on supports to a 
convenient height to form a table on which to cut the bricks 
to any required gauge, for which moulds and bevels are re- 
quured. The crowbar, pick-axe, and shovel are used in dig- 
ging out the foundations, and the rammer in punning the 
groimd roimd the footings, and in rendering the foundation 
firm where it is soft by beating or ramming. 

To set out the work and to keep it true, the bricklayer uses 
the square, the level, and the pluntb^ule; for circular or batter- 
ing work he uses templets and battering-rules ; lines and pins 
are used to lay the courses by ; and measuring-rods to take 
dimensions. When brickwork has to be carried up in con- 
junction with stonework, the height of each coiu^e must be 
marked on a gauge-rod, that the joints of each may coincide. 

190. The bricklayer is supplied with bricks and mortar 
by a labourer, who carries them in a hod. The labourer 
also makes the mortar, and builds and strikes the scaf- 
folding. 

191. The bricklayer's scaflFold is constructed with 
standards, ledgers, and piUlogs, The standards are fir 
poles, from 40 to 60 ft long, and 6 or 7 in. diameter at 
the butt ends, which are firmly bedded in the ground. 
When one pole is not sufficiently long, two are lashed 
together, top and butt, the lashings being tightened with 
wedges. The ledgers are horizontal poles placed parallel 
to the walls, and lashed to the standards for the support of 
the putlogs. The putlogs are cross pieces usually made of 
bircii, and about 6 ft. long, one end resting in the wall, tlip 
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other on a ledger. On the putlogs are placed the scaffold 
boards, which are stout hoards hooped at the ends to pre- 
vent them from splitting. 

lOd. A hricklayer and his labourer will lay in a single 
day about 1000 bricks, or about two cubic yai'ds 

193. The tools required for tiling are — ^the lathing^ 
hammer^ with two gauge marks on it, one at 7, and the 
other at 7 1 inches ; the iron lathing staff, to clinch the nails ; 
the trowel, which is longer and nsurower than that used for 
brickwork ; the hosse, for holding mortar and tiles, with an 
iron hook to hang it to the laths or to a ladder ; and the 
striker, a piece of lath about 10 in. long, for clearing off the 
superfluous mortar at the feet of the tiles. 

194. Brickwork is measured and valued by the rod, or 
by tile cubic yard, the price including the erection and use 
of scaffolding, but not centering to arches, which is an 
extra charge. 

Bricknogging, pavings, and facings, by the superficial 
yard. 

Digging and steining of wells and cesspools by the foot 
in depth, according to size, the price increasing with the 
depth. 

Plain tiling and pantiling are valued per square of 100 
feet superficial. 

A journeyman bricklayer receives firom 4«. to 6«. 6rf., and 
a labourer from 25. 6e2. to 35. M a day. 

The following memoranda may be useful: — 

Weight of different kinds of Earth. 

1 3 cubic feet of chalk weigh one ton. 

17 „ clay 

18 „ nightsoil „ 
21| „ gravel „ 
23^ „ sand „ 

Nightsoil is removed in carts containing 46 cubic feet, or 

^\ tons. 
Twenty-seven cubic feet or 1 cubic yard is called a single 

load, and 2 cubic yards a double load. 
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A measure of lime is 27 cubic feet and contains 21 striked 

bushels. 
A bricklayer's hod measures 1 ft. 4 in. X 9 in. x 9 in., and 

contains 20 bricks. 
A rod of brickwork measures 16^ ft square, 1| brick thick 

(which is called the reduced or standard thickness), or 272 

ft. 3 in. superficial, or 306 cubic feet, or 11^ cubic yards. 



Tahle of the Sizes and WeighU of variota 


Articles. 


Dbscription. 


Length. 


Breadth. 


Thickness. 


Weight. 




ft. In. 


ft. in. 


ft. 


in. 


lbs. OS. 


Stock bricks . . each 


83 


4i 





^ 


6 0. 


Paving do. . . . „ 


9 


44 





If 


4 


Dutch clinkers . . „ 


6i 


8 





n 


1 8 


12-in. paving tiles . „ 


Hi 


111 





n 


13 


10-in. do. . . „ 


9| 


9| 





1 


8 9 


Pantiles . . . „ 


1 u 


9i 





Oi 


6 4 


Plain tiles . . . „ 


104 


6i 





Of 


2 5 


Pantile laths per 10 ft. bundle 


120 


14 





1 


4 6 


Do. „ 12 ft. do. 


144 


14 





1 


6 


N.B. — A bundle contains 












twelve laths. 












Plain tile lathes per bundle . 


600 


1 





Oi 


3 


N.B.— Thirty bundles of 












laths make a load. 













A rod of brickwork, laid four courses to a foot in height, 

requires 4353 stock bricks. 
Ditto, 114^ in. to 4 courses, 4533 stock bricks. 

These calculations are made without allowing for 
waste, which is unnecessary, because the space occu- 
pied by flues, bond timber, &c., and for which no 
deduction is made, more than compensates for any 
waste ; and in building dwelling-houses, 4300 stocks 
to a rod is sufl&cient. 
If laid dry, 5370 stocks to the rod. 
4000 ditto, in wells and circular cesspools. 
A rod of brickwork, laid 4 courses to gauge 12 in., con- 
tains 235 cubic feet of bricks and 71 cubic feet of mortar, 
and weighs about 1 5 tons. 
A rod of brickwork requires 14 cubic yard of chalk lime 
and 3 single loads of sand, or I cubic yard of stone lime 
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and 3^ loads of sand, or 36 bushels of cement and au 

equal quantity of sharp sand. 
A. cubic yard of mortar requires 9 bushels of lime and 1 

load of sand. 
Lime and sand, and likewise cement and sand, lose ^ of 

their bulk when made into mortar. 
The proportion of mortar or cement, when made up, to the 

lime or cement and sand before made up, is as 2 to 3. 
Lime or cement and sand to make mortar require as much 

water as is equal to ^ of their bulk. 
A cubic yard of concrete requires 34 cubic feet of material ; 

or, if the gravel is to the lime as 6 to 1, a cubic yard oi 

concrete will require 1*1 cubic yard of gravel and sand 

and 3 bushels of lime. 
Facing requires 7 bricks per foot superficial 
Gauged arches, 10 ditto ditto. 

Bricknogging per yard superficial requires 30 bricks on 

edge, or 45 laid flat 

195. Paving: — 
Stock bricks laid flat require 36 per yard superficial. 

Ditto on edge „ 52 « 

Paving bricks laid flat „ 36 „ 

Ditto on edge „ 82 „ 

Dutch clinkers ditto ,,140 „ 

12-inch paving tiles „ 9 „ 

10-inch ditto „ 13 „ 



196. Tiling'— 

Description. 
With pantiles 
Ditto . . . . 
Ditto . . . . 



Gauge 
in Inches. 
. 12 
. 11 
. 10 



N.B. — ^A square of pantiling re- 
quires I bimdle of laths and 1^ 
hundred of sixpenny nails. 



N'o. required 
per square. 

150 

164 

ISO 
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Gange 


No. requirec 


Dewription. in Inches. 


per squaPB. 


With plain tiles 


4 


600 


Ditto . 


8* 


700 


Ditto . ...... 


3 


80 


N.B A square of plain tiling 






requires 1 bundle of laths, 1 






peck of tile pins, and 3 hods of 






mortar 




• 


Plain tiles laid flat .... 




210 



MASON. 

107 The business of the mason consists in working the 
stones to be used in a building to their required shape, and 
in setting them in their pla,ces in the work. Connected 
with the trade of the mason are those of the Stonecutter, who 
hews and cuts large stones roughly into shape preparatory 
to their being worked by the mason, and of the Carver, who 
executes the ornamental portions of the stone-work of a 
building, as enriched cornices, capitals, &c. 

198. Where the value of stone is considerable, it is sent 
from the quarry to the building in large blocks, and cut 
into slabs and scantlings of the required size with a stone- 
mason's saw, which differs from that used in any other 
trade in having no teeth. It is a long thin plate of steel, 
slightly jagged on the bottom edge, and fixed in a frame ; 
and, being drawn backwards and forwards in a horizontal 
position, cuts the stone by its own weight. To facilitate 
the operation, a heap of sharp sand is placed on an inclined 
plane over the stone, and water allowed to trickle through 
it, so as to wash the sand into the saw-cut Of late years 
machinery worked by steam-power has been used for saw- 
ing marble into slabs to a very great extent, and has almost 
entirely superseded manual labour in this part of the manu- 
facture of chimney-pieces. 

Some freestones, as Bath-stone, are so soft as to be easHy 
cut with a toothed saw worked backwards and forwards by 
two persons. 
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The harder kinds of stones, as granites and gritstones, 
are brought roughly into shape at the quarry, with an axe 
or a scappUng hammer, and are then said to be scappled. 

199. The tools used by the mason for cutting stone con- 
sists of the mallet and chisels of various sizes. The mason*s 
mallet differs from that used by any other artisan, being 
similar to a dome in contour, excepting a portion of the 
broadest part, which is rather cylindrical; the handle is 
short, being only sufl&ciently long to enable it to be firmly 
grasped. 

In London the tools used to work the faces of stone are 
the point, which is the smallest description of chisel, being 
never more than a quarter of an inch broad on the cutting 
edge; the inch tool; the boaster , which is 2 in. wide; and 
the broad tool, of which the cutting edge is 3^ in. wide. 
The tools used in working mouldings and in carving are of 
various sizes, according to the nature of the work. 

Besides the above cutting tools the mason uses the 
banker or bench, on which he places his stone for conve- 
nience of working, and straight edges, squares, bevels, and 
templets for marking the shapes of the blocks, and for trying 
the surfaces as the work proceeds. Any angle greater or 
less than a right angle is called a bevel angle, and a bevel is 
formed by nailing two straight edges together at the required 
angle ; a bevel square is a square with a shifting stock which 
can be set to any required bevel. A templet is a pattern 
for cutting a block to any particular shape ; when the work 
is moulded the templet is called a mould. Moulds are com- 
monly made of sheet zinc, carefully cut to the profile of the 
mouldings with shears and files. 

For setting his work hi place the mason uses the trowel, 
litres, and pins, the square and level, and plumb and battering 
rules, for adjusting the faces of upright and battering walls. 

200. The mason's scaffold is double, that is, formed with 
two rows of standards, so as to be totally independent of 
the walls for support, as putlog holes are madmissible in 
masonry. 
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During the last ten years the construction of scaffolds, 
with round poles lashed with cords has been entirely super- 
seded in large works by a system of scaffolding of square 
timbers connected by bolts and dog irons. 

The hoisting of the materials is performed from these 
scaffolds by means of a travelling crane, which consists of a 
double travelling carriage running on a tramway formed on 
stout sills laid on the top of two parallel rows of standards. 
The crab-winch is placed on the upper carriage, and, by 
means of the double motion of the two carriages, can be 
brought with great ease and precision over any part of the 
work lying between the two rows of standards 

The facilities which are afforded by these scaffolds and 
travelling cranes for rao^dng heavy weights over large areas, 
have led to their extensive adoption, not only in the erec- 
tion of buildings, but on landing wharfs, masons and iron- 
founders' yards, and similar situations, where a great saving 
of time and labour is effected by their use 

Scaffolding of square timbers appears to have been little 
used in England before a.d. 1837, when Messrs. Cubitt, of 
Gray's Inn Road, applied it to the erection of the entrance 
gateway of the Euston station of the North- Western Bail- 
way. Since then it has been very generally used in large 
works, amongst which may be mentioned the Reform Club 
House, in a.d. 1838, and the Nelson Column, commenced 
A.D 1840, where it was carried up in perfect safety to the 
height of 180 feet; and it has been used on a very large 
scale at the New Houses of Parliament now in progress. 

Although of modem introduction in England this kind 
of scaffolding is not a new invention. It appears to 
have been used at Cologne Cathedral from the first com- 
mencement of that building in a.d 1248. It was also 
used by Domenic Fontana in a.d. 1586, for erecting the 
Egyptian Obelisk in front of St Peter's at Rome; and 
similar scaffolding was used in Paris in our own times, 
in erecting the Arc de I'Etoile, and the Eglise de la 
Madeleine. 
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201 The moveable derrick crane is also much used in 
setting mason's work. It consists of a vertical post, sup- 
ported by two timber backstays, and a long moveable jib or 
derrick hinged against the post below the gearing. 

By means of a chain passing from a barrel over a 
pulley at the top of the post, the derrick can be liaised 
to an almost vertical, or lowered to an almost horizontal 
position, thus enabling it to command every part of the 
area of a circle of a radius nearly equal to the length of 
the derrick. This gives it a great advantage over the 
old gibbet crane, which only commands a circle of a 
fixed radius, and the use of which entails great loss of 
time from its constantly requiring to be shifted as the 
work proceeds. 

Den'ick cranes appear to have been first introduced 
at Glasgow, a.d. 1833, by Mr. York, since which their 
original construction has been very greatly improved upon, 
and they are now very extensively used. 

202. In hoisting blocks of stone they are attached to 
the tackle by means of a simple contrivance called a leuns^ 
which is shown in fig. 84. 

A tapering hole having been cut in the upper surface 
of the stone to be raised, the two side pieces of the lewis 
are inserted and placed against the sides of the hole; 
the centre parallel piece a is then in- 
•^^^l5^* serted and secm-ed in its place by a 

pin passing through all three pieces, 
and the stone may then be safely hoisted, 
as it is impossible for the lewis to draw 
out of the hole. By means of the lewis, 
in a slightly altered form from that here 
fllllp^^gl:^ shown, stones can be lowered and set 
under water without difficulty, the lewjs 
being disengaged by means of a li^e attached to the 
parallel piece ; the removal of which allows the others to 
be drawn out of the mortice. 
203 In stone-cutting, the workman forms as many piano 

F 2 




100 



R0DIMENT8 07 TKE 




fiwjes as may be necessary for bringing the stone into the 
required shape, with the least waste of material and labour, 
and on the plane surfaces so formed applies the moulds to 
which the stone is to be worked 

To form a plane surface, the mason first knocks ofl 
the superfluous stone along one edge of the block, as 

a, b (fig. 85), until it coincides 
with a straight edge through- 
out its whole length; this is 
called a chisel draught Another 
chisel draught is then made 
along one of the adjacent edges, 
as 6, <?, and the ends of the 
two are connected by another 
draught, as a, c; a fourth 
draught is then sunk across the last, as b, d, which gives 
another angle point d, in the same plane with a, 6, and e, 
by which the draughts d a and a c can be formed ; and the 
stone is then knocked off between the outside draughts 
until a straight edge coincides with its surface in every part 
To form cylindrical or moulded surfaces curved in one 
direction only, the workman sinks 
two parallel draughts at tiie op- 
posite end of the stone to be 
worked, until they coincide with 
a mould cut to the required 
shape, and afterwards works off 
the stone between these draughts, 
by a straight edge apphed at 
right angles to them (fig. 86). 
The formation of conical or spherical surfaces is much 
loss simple, and requires a knowledge of the scientific 
operations of stone-cutting, a description of which would 
be unsuited to the elementaiy character of these pages. 
The reader who wishes to pursue the subject is therriorc 
referred to the volume of this series on "Masonry and 
Stone-cutting," where he wiU find the required information 
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204. The finely-grained stones are usually brought to a 
pmooth fiace, and rubbed with sand to produce a perfectly 
even surface. 

In working soft stones, the surface is brought to a 
smooth face with the drag, which is a plate of steel, in- 
dented on the edge like the teeth of a saw, to take off the 
marks of the tools employed in shaping it 

The harder and more coarsely-grained stones are gene- 
rally tooled, that is, the marks of the chisel are left on their 
face. If the furrows left by the chisel are disposed in 
regular order, the work is said to he fair-tooled, but if other- 
wise, it may be random4ooled, or chiselled, or boasted, or 
poirUed. If the stones project beyond the joints, the work 
is said to be rusticated. 

Granite and gritstone are chiefly worked with the scap- 
pling hammer. In massive erections, where the stones are 
large, and a bold effect is required, the fronts of the blocks 
are left quite rough, as they come out of the quarry, and 
the work is then said to be quarry pitched. 

Many technical terms are used by quarrymen and others 
engaged in working stone ; but they need not be inserted 
here, as they are mostly confined to particular localities, 
beyond which they are little known, or perhaps bear a 
different signification. 

205. When the mason requires to give to the joints of 
his work greater security than is afforded by the weight of 
the stone and the adhesion of the mortar, he makes use of 
joggles, dowels, and cramps. 

Stones are said to be joggled together when a projection 

is worked out on one stone to fit into a corresponding hole 

or groove in the other {see fig. 87). But this 

^' * occasions great laboiu* and waste of stone, and 

p doweljoggles are chiefly made use of, which are 

hard pieces of stone, cut to the required size, 

and let into corresponding mortices in the two stones to bo 

joined together. 

DoweU ai-e pins of wood or metal used to secure tJie 
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joints of stone-work in exposed situations, as copiugs, 
pinnaclos, Ac, The best material is copper, but the ex- 
pense of this metal causes it to be seldom used. If iron bo 
made use of, it should be thoroughly tinned to prevent 
oxidation, or it will, sooner or later, burst and spUt the 
work it is intended to protect 

Dowels are often secured in their places with lead poured 
in from above, through a small channel cut in the side of 
the joint for that purpose ; but a good workman will eschew 
lead, which too often finds its way into bad work, and will 
prefer trusting to very close and workmanlike joints, care- 
fully fitted dowels, and fine mortar; dowels should be 
made tapering at one end, which ensures a better fit, and 
renders the setting of the stone more easy for the work- 
man. 

Iron cramps are used as fastenings on the tops of copings, 
and in similar situations; but they are not to be recom- 
mended, as they are very unsightly, and, if they once be- 
come exposed to the action of the stmosphere, are power- 
fully destructive agents. Cast iron is, however, less objec- 
tionable than wrought uron for this pmpose. 

206. In measuring mason's work, the cubic content of 
the stone is taken as it comes to the banker, without deduc- 
tion for subsequent waste. 

If the scantlings are large, an extra price is allowed for 
hoisting. 

The labom* in working the stone is charged by the super- 
ficial foot, according to the kind of work, as plain work, 
sunk work, moulded work, &c 

Pavings, landings, &c., and all stone less than 3 in. 
thick, are charged by the superficial foot 

Copings, curbs, window sills, &e., are charged per lineal 
foot 

Cramps, dowels, mortice holes, &c., are always charged 
separately. 

A joumeyroan mason will receive from 4«. to 58. Od. per 
day, and the labourer from 2a. 64. to Ss pei* day; but 
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masons working at piece-work, or at any work requiring 
particular skill, will often earn much more. 

The remuneration of a stone-carver is dependent on hia 
talent, and the kind of work he is engaged upon 

The following table of the weights of different kinds of 
stone will convey an idea of their relative hardness, and of 
the labour required to work them. 

Tabu of the Weights of different kinds of Stone 

13 cubic feet of marble . weigh one ton 
13i „ granite 

14 „ Piu-beck stone „ 
14i „ Yorkshire stone „ 

16 „ Derbyshire grit „ 

17 „ Portland stone „ 

18 „ Bath stone „ 

Mem, — 58 ft superficial of 3-in. York paving weigh one 
ton 

70 ft. superficial of 2J-in. York paving weigh one 
ton 

GABPENTEB 

207. The business of the carpenter consists in framing 
timbers together, for the construction of roofs, partitions, 
floors, &c. 

208. The carpenter's principal tools are the axe, the 
adze, the saw, and the chisel, to which may be added the 
chalk-line, plumb-rule, level, and square. The work of the 
carpenter does not require the use of the plane, which is 
one of the principal tools of the joiner, and this forms tlie 
principal distinction beween these trades, the carpenter 
being engaged in the rough framework, and the joiner 
on the finishings and decorations of buildings. 

209. The principles of framing have been already fully 
described in the 1st section of this work, and we shall 
therefore confine om* remarks on the operations of the 
carpenter to a description of the principal joints nrnde usf 
of in framing. 
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Timbers that have to be joined in the direction of their 
length are scarfed^ as shown in fig. 88 ; the double wedges, 
a a, serve to bring the timbers home^ when they are secured. 

Fig. 88. 




either by bolts, as shown at h 6, or by straps, as at c c, the 
latter being the most perfect and the most expensive fas- 
tening. 

Fig. 89 shows the manner of connecting the foot of a 
principal rafter with a tie beam The bolt here shoifvn 



Fig, 89. 



r^ 




keeps the rafter in its place, and prevents it from slipping 
away from the abutment cut for 
it, which, by throwing the thrust 
on the tenon, would probably 
split it. The end of the rafter 
should be cut with a square butt, 
so that the shrinkage of the 
timber will not lead to any settle- 
ment. 

The connection of the foot of 
a king-post with the tie beam to 
be suspended from it is shown in 

fig. 90. 

The king-post should be cut somewhat short, to give the 

power of screwing up the framing after the timber has 
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become fuUv seasoned. The tie-beam may be suspended 
from the king-post, either by a bolt, as shown, or by a strap 
passed round the tie-beam and secured by iron wedges or 
cotters, passing through a hole in the king-post; this last 
is the more perfect, but at the same time the more ezpen 
sive of the two methods. 

Fig. 90 also shows the manner in which the feet of the 
struts butt upon the king-post They are slightly tenoned 
to keep them in their places. The ends of a strut should 
he cut 7 as nearly square as possible, otherwise, when the 
timher shrinks, which it will always do, more or less, the 
thrust is thrown upon the edge only, which splits or crushes 
under the pressure, and causes settlement 

This is shown out by the dotted lines on the righ^hand 
side of the cut The dotted lines on the opposite side of 
the £igm*e show a similar effect, produced by the shrinking 
of the king-post, for which there is no preventative but 
making it of oak, or some other hard wood. The same 
observations apply to the connections of the principal 
rafters with the top of the king-post, which are managed 
m a precisely similar manner. 

In figures 01, 92, and 98, are shown different methods 



Fig, 91. Fig, 92. 




of fixing purlins, which are sufficiently explained by the 
figures to need no finiher description. 

In figures 46, 47, 48, and 49, are shown the modes of 
framing the ends of binding joists into girders, and of 
connecting the ceiling joists with the binders ; and as these 

F 3 
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haye been already described under the head of *' FlooTSt" 




it is unnecessary here to say anything further on the sub- 
ject 

As a general rule, all timbers should be notched down to 
those on which they rest, so as to prevent their being 
moved either lengthways or sideways. Where an upright 
post has to be fixed between two horizontal sills, as ha the 
case of the uprights of a common firamed partition, it is 
simply tenoned into them, and the tenons secured with 
oak pins driven through the cheeks of the mortice. 

210. The carpenter requires considerable bodily strength 
for the handling of the timbers on which he has to work ; 
he should have a knowledge of mechanics, that he may 
understand the natmre of the strains and thrusts to which 
his work is exposed, and the best method of preventing or 
resistmg them; and he should have such a knowledge of 
working drawings as will enable him, from the sketches of 
the architect, to set out the lines for every description of 
centering and framing that may be entrusted to him for 
execution. 

211. In measuring carpenters' work the tenons are m- 
cluded in the length of the timber; this is not the case 
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in joiners' work, in which they are allowed for in the 
price 

The lahour in framing, roofs, partitions, floors, &c., is 
either valued at per square of 100 superficial feet, and the 
timber charged for separately, or the timber is charged as 
** fixed in place," the price varying according to the labour 
on it, as " cube fir in bond," " cube fir firamed," " cube fir 
wrought and framed," &c. For shoring J of the value of 
the timber is allowed for use and waste. 

The wages of a journeyman carpenter are from 4«. to 
5a. 6d. per day. 

JOINER. 

212. The work of the joiner consists in framing and 
joining together the wooden finishings and decorations of 
buildings, both internal and external, such as floors, stair 
cases, fi"amed-partitions, skirtings, solid door and window 
frames, hollow or cased window frames, sashes and shutters, 
doors, columns and entablatures, chimney-pieces, &c., &c. 

The joiner's work requires much greater accuracy and 
finish than that of the carpenter, and differs materially 
firom it in being brought to a smooth surface with the 
plane wherever exposed to view, whilst in carpenters' work 
the timber is left rough as it comes from the saw. 

213. The joiner uses a great variety of tools; the prin- 
cipal cutting tools are saws, planes, and chisels. 

Of saws there are many varieties, distinguished from each 
other by their shape and by the size of the teeth. 

The ripper has 8 teetii in 3 inches ; the half -ripper 3 teeth 
to tbe inch; the hand saw 15 teeth in 4 inches; ihQ panel 
saw 6 teeth to the inch. 

The tenon saw, used for cutting tenons, has about 8 teeth 
to the inch, and is strengthened at the back by a thick 
piece of iron, to keep the blade firom buckling. The sa^h 
saw is similar to the tenon saw, but is backed with brass 
instead o£ iron, and has 13 teeth to the inch. The doijctcdl 
»aw is still smaLer, and has 15 teeth to the inch. 
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Bosldes the above, other saws are used tor paiticulai 
purposes, as the compass saw, for cuttmg circular work 
and the key-hole saw, for cutting out small holes. The ear- 
ease saw is a large kind of dovetail saw, having about 11 
teeth to an inch. 

dl4. Planes are also of many kinds ; those called bench 
planes — as the jack pUme, the trying plane, the hng plane, 
the jointw, and the smoothing plane, are used for bringing 
the stuff to a plane surface. The jack plane is about 18 in. 
long, and is used for the roughest work. The trying plane 
is about ^2 in. long, and used after the jack plane for trying 
up, that is, taking off shavings the whole length of the 
stuff; whilst in using the jack plane the workman stops at 
every arm's-length. The long plane is a ft 3 in. long, and 
is used when a piece of stuff is to be tried up very sti-aight 
The jointer is 2 ft. 6 in. long, and is used for trying up or 
shooting the joints, in the same way as the trying plane is 
used for trying up the face of the stuff. The smoothing 
plane is small, being only 7i in. long, and is used on 
almost all occasions for cleaning off finished work 

Rebate planes are used for sinking rebates {see fig. 94), 
and vaiy in their size and shape according to their respec- 
tive uses. Bebate planes differ from bench 
planes in having no handle rising out of 
the stock, and in discharging their shavings 
at the side. Amongst the rebate planes 
may be mentioned the moving fiUister and 
the sash fillister, the uses of which will be 
better understood by inspection than from any description. 
Moulding planes are used for sticking mouldings, as the 
operation of forming mouldings with the plane is called. 
When mouldings are worked out with chisels instead of 
with planes, they are said to be worked by hand. Of the 
class of moulding planes, although kept separate in the 
tool chest, are hollows and rounds of various sizes. 

There are other kinds of planes besides the above ; as 
tlie plough, for sinking a groove to receive a projecting 
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tonc^e ; the beeid plans, for sticking beads ; the nUpe biU, 
for forming quirks ; the compass plans and the forkstaff plans, 
for forming concave and convex cyhndrical surfaces. The 
shape and use of these and many other tools used by the 
joiner will be better understood by a visit to the jomers 
shop than by any verbal description. 

215. Chisels are also varied in their lorm and use. 
Some are used merely with the pressure of the hand, as 
the paring chisel; others, by the aid of the mallet, as the 
socket chisel,* for cutting away superfluous stuff; and the 
tnortice chisel, for cutting mortices. The gouge is a curved 
chisel. 

216. The joiner uses a great variety of boring tools, as 
the brad-awl, gimlet, and stock and bit. The last form but 
one tool, the stock being the handle, to the bottom of which 
may be fitted a variety of steel bits of different bores 
and shapes, for boring and widening out holes in wood and 
metal, as countersinks, rimers, and taper shell bits. 

217. The screw-driver, pincers, hammer, maUet, hatchet, and 
adze, are too well known to need description. 

The gauge is used for drawing lines on a piece of stuff 
parallel to one of its edges. 

The bench is one of the most important of the joiner's 
implements. It is furnished with a vertical sideboard, per- 
foi-ated with diagonal ranges of holes, which receive the 
bench pin on which to rest the lower end of a piece of stuff 
to be planed, whilst the upper end is firmly clamped by the 
bench screw. 

The mitre box is used for cutting a piece of stuff to a 
mitre or angle of 45 degrees with one of its sides. 

The joiner uses for setting out and fixing his work — 
the straight edge, the square, the bevel or square with a 
shifting blade, the mitre square, the level, and the plumb 
rule. 

In addition to the tools and implements above enu- 
merated, the execution of parucular kinds of work requires 

* Named from the iron forming a focket to receiTe a vooden handle. 
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other articles, as cylinders, templets, cramps, <fec., the 
'description of which would unnecessarily 
extend the limits of this volume 

218. The principal operations of the 

joiner are sawing, planing, dovetailing, 

Jj*L___ mortising, and scribing. 

I The manner of forming a dovetail is 

shown in fig. 95. The projecting part, 

a, is called the pin, and the hole to 

receive it is called the socket, 

Mortmng is shown in fig. 96; the projecting piece is 
called the tenon, and the hole 
formed to receive it the mortice. 
The tenon is sometimes pinned 
in its place with oak pins driven 
through the cheeks of the mor- 
tice . but in forming doors, shut- 
ters, &c., the tenon is secured 
with tapering wedges driven into 
the mortice, which is cut slightly 
wider at the top than at the bottom, the adhesion of tba 
glue with which the wedges are first rubbed over, making 
it impossible for the tenon afterwards to draw out of its 
place. 

219. Joints in the length of the stuff may be either 
square, as at a, fig. 97, or rebated, as at b, or grooved and 




Fig, 97. 




tongued, as at c, or grooved on each edge and a tongue let 
in, as at d 

220. Scribing is the drawing on a piece of stuff the exact 
profile of some irregular surface to which it is to be made 
to fit: this is done with a pair of compasses, one leg of 
which is made to travurse the irregular surface, the other to 
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Fig, 98. 



describe a line parallel thereto along the edge of the stufT to 
be cut 

221. In the execution of circular, or, as it is termed, 
noeep work, there are four different methods by which the 
btuff can be brought to tlie required curve: — 
1st It may be steamed and bent into shape 

2nd. It may be glued up in thick- 
nesses, as shown in fig. 06, which 
must, when thoroughly dry, be 
planed true, and, if not to be 
painted, covered with a thin veneer 
bent round it 

8rd. It may be formed in thin 
thicknesses, as shown in fig 99, bent round and glued up 
in a mould. This may be considered the most perfect of 
all the methods in use 
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Fig. 100. 





Fif. 


101 




T 1 1 1 1 1 


IXM( 1 














LIDC^ 














lEMt 


^L[j I ri 



Fig. 102. 



Lastly It may be formed by sawing a number of notches 
on one side, as shown in fig. 100, by which means it be- 
comes easily bent in that direction, but the curve produced 
by this means is very irregular, and it is an inferior mode 
of execution compared to the others. 

222. When a number of boards 
are secured together by cross-pieces 
or ledges nailed or screwed at the 
back, the work is said to be ledged 
{see fig. 101). Ledged work is used 
for common purposes, as cellar 
doors, outside shutters, &c. 

Framed work (fig. 102) consists of 
styles and rails mortised and tenoned 
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together, and filled in yvith pannels, the edges of which fit 
in grooves ciit for tliat purpose in the styles and rails. 
Work is said to be clamped when it is prevented from 
warping or splitting by a rail at each 

^*^^^l--». ^"^' ^ "^ ^^' ^^^' if ihe ends of the 
rail are cut off, as shown at a, it is said 
to be mitre clamped. 

223. There are two ways of laying 
floors practised by joiners. In laying 
what is called a straight joint floor, from 
the joints between the boards running in 
an unbroken line from wall to wall, each board is laid down 
and nailed in succession, being first forced firmly against 
the one last laid with a flooring cramp. 

Folding floors are laid by nailing down first every fifth 
board radier closer together than the united widths of four 
boards, and forcing the intermediate ones into the space 
left for them by jumping upon them ; this method of laying 
floors is resorted to when the stuff is imperfectly seasoned 
and is expected to shrmk, but it should never be allowed in 
good work. 

The narrower the stuff with which a floor is laid the less 
will the joints open, on account of the shrinkage being dis- 
tributed over a greater number of joints. 

The floor boards may be nailed at their edges, and 
grooved and tongued or doweUed, if it be wished to make a 
very perfect floor. Dowelling is superior to grooving and 
tonguing, because the cutting away the stuff to receive the 
tongue greatly weakens the edges of the joint, which are 
apt to curl 

224. Glue is an article of great importance to the joiner ; 
the strength of his work depending much upon its adhesive 
properties. 

The best glue is made from the skins of animals ; that 
from the sinewy or homy parts being of inferior quaUty. 
The strength of the glue increases with the age of the ani 
mab from which the skins are taken. 
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226. Jomei*s' work is measured by the superficial foot, 
according to its description. 

Floors by the square of 100 superficial feet 

Handrails, small mouldings, water-trunks, and similai 
«rticles, per lineal foot 

Cantilevers, trusses, cut brackets, scrolls to handrails, &e,, 
are valued per piece. 

The wages of a joiner are firom 4«. to 6«. 6d. per day. 

The following memoranda relative to carpenters' and 
joiners' work may be found useful 

Weight of Timber 
84 cubic feet of mahogany weigh one tou 
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45 „ ash „ 

61 „ beech „ 

60 „ elm „ 

65 „ fir 

50 cubic feet of timber 1 load. 
120 deals = one hundred. 
120 12 ft 3 in. deals = 5f loads of tunbei\ 
400 superficial feet 1| in. deal = 1 load. 

Planks are 11 in. wide 

Deals 9 „ 

Battens 7 „ 

A. reduced deal is 1^ in. thick, 11 in wide, and 12 feet 
long. 

A square of flooring laid with 12 feet deals requires 
Laid rough ... . . 12^^ floorboards. 

Ditto, edges shot 12^ „ 

Wrought and laid folding ... 13 

Ditto, straight joint . . . . 1 8i „ 

Wrought and laid straight joint, and 

ploughed and tongued ... 14 ^ 

If laid with 12 ft battens, 

Wrought, and laid folding ..17 „ 

Ditto, ditto, straight joint ... 18 ,. 
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226. Ironmongery is charged for with the work to which 
!t is attached; the joiner being allowed 20 per cent, profit 
upon the prime cost 

The principal articles of ironmongery used in a building 
consist of naiU and screws^ sash pyUies, bolts, hinges, locks, 
latches, and sash and shutter furniture, besides a great variety 
of miscellaneous articles, which we have not space to enu- 
merate. 

227. Of the different kinds of hinges may be mentioned 
hook and eye hinges, for gates, coach-house doors, &c. ; butts 
and back-flaps, for doors and shutters; cross garnets of H 
form, which are used for hanging ledged doors, and other 
inferior work: H and H— hinges, whose name is derived 
from their shape; and parliament hinges. 

Besides these are used rising butts, for hanging doors to 
rise over a carpet, or other impediment; projecting butts, 
used when some projection has to be cleared, and spring 
hinges and swing centres, for self-shutting doors. 

228. The variety of locks now manufectin-ed is almost 
infinite. We may mention the stock lock, cased in wood, for 
common work. Bim locks, which have a metal case or rim, 
and are attached to one side of a door : they should not be 
used when a door has sufficient thickness to allow of a 
mortice lock, as they often catch the dresses of persons 
passing through the doorway. Mortice locks, as the name 
implies, are those which are mortised into the thickness of 
the door. 

The handles and escutcheons are called the furniture of 
a lock, and are made of a great variety of materials, as brass, 
bronze, ebony, ivory, glass, <fec. 

229. Of latches, there are the common thumb latch, the 
bow latch, with brass knobs, the brass pulpit latch, and the 
mortice latch. 

230. The sawyer is to the carpenter and joiner what the 
Btone-cutter is to the mason 

The pit-saw is a large two-handed saw fixed in a frame, 
and moved up and down in a vertical direction, by two men 
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called the top-man and the pit-man; the first of whom 
stands on the timber that is to be cut, the other at the bot- 
tom of the saw-pit. The timber is lined out with a chalk 
line on its upper surface, and the accuracy of the work de- 
pends mainly on the top-man keeping the saw to the line, 
whence the proverbial expression top-sawyer, meaning one 
who directs any undertaking. 

In sawing up deals and battens into thicknesses for the 
joiner's use, the parallelism of the cuts is of the utmost im- 
portance, as the operation of taking oiU of winding, a piece 
of uneven stuff, causes a considerable waste of material, and 
much loss of time. 

Circular saws, moved by steam power,* are now much 
used in large establishments, timber yards, &c., and efifect a 
great saving of labom* over the use of the pit saw, where 
the timbers to be cut are not too heavy to be easily handled. 
The saw is mounted in the middle of a stout bench, fur- 
nished with guides, by means of which the stuff to be cut 
is kept in the required direction, whilst it is pushed against 
the saw, which is the whole of the manual labotu* required 
in the operation. 

8LATEB. 

231. The business of the slater consists chiefly in cover- 
ing the roofs of houses with slates, but it has of late years 
been very much extended by the general introduction of 
sawn slate, as a material for shelves, cisterns, baths, chim- 
ney pieces, and even for ornamental purposes. 

We purpose here to describe only those operations of the 
slater which have reference to the covering of roofs. 

232. Besides the tools which are in common use among 
other artificers, the slater uses one peculiar to his trade, 
called the zax, which is a kind of hatchet, with a sharp point 

♦ The author recently yisited a carpenter's shop in a country village 
in Leicestershire, which was mounted in a very complete roanner, with 
bench and other saws, lathes, &c., all worked by a set of wind- sails oa the 
roof. 



no 



BUDJMEMTS OF THK 



at the back. It is used for trimming slates, and making 
the holes by which they are nailed in their places. 

233. Slates are laid either on boarding or on narrow bat- 
tens, from 2 to 3 inches wide, the latter being the more 
common method, on account of its being less expensive 
than the other. 

The nails used should be either copper or zinc; iron 
nails, though sometimes used, being objectionable from 
tlieir liability to rust. 

Every slate should be fastened with two nails, except in 
the most inferior work. 

The upper surface of a slate is called its hack, the under 
surface the bed, the lower edge the tail, the upper edge the 
head. The part of each course of slates exposed to view is 
called the margin of the course, and the width of the mar- 
gin is called the gauge. 

The bond or lap is the distance which the lower edge of 
any course overlaps the slates of the second course below, 
measuring from tlie nail-hole. 

In preparing slates for use, the sides and bottom edges 
are trimmed, and the nail-holes pimched as near die head 
as can be done, without risk of breaking the slate, and at a 
uniform distance from the tail. 

The lap having been decided on, the gauge will be equal 
to half the distance from the tail to the nail-hole, less the 
lap. Thus a countess slate, measuring 19 in. from tail to 
nail, if laid with a 3-in. lap, would show a margin of 
_ 10 in. - 8 m. ^ Q ijj (^^ figg 104, 106.) 
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The battens are of course nailed on the rafters at the 
gauge to which the slates will work. If the slates are of 
different lengths, they must be sorted into sizes, and 
gauged accordingly, the smallest sizes being placed nearest 
the ridge. The lap should not be less than 2 in., and need 
not exceed 3 in 

It is essential to the soundness as well as the appearance 
of slaters' work, that the slates should all be of the same 
width, and the edges perfectly true. 

The Welsh slates are considered the best, and are of a 
light sky blue colour. The Westmoreland slates are of a 
dull greenish hue. 

234. Slaters' work is measured by the square of 1 00 su- 
perficial feet, allowances being made for the trouble of 
cutting the slates at the hips, eaves, round chimneys, &c. 

Slabs for cisterns, baths, shelves, and other sawn work, 
are charged per superficial foot, according to the thickness 
of the slab, and the labour bestowed on the work. 

Rubbed edges, grooves, &c., are charged per lineal foot 



Table of the Sizes of Hoofing Slat£s, 



Dbbcription. 


Size. 


Average 
fnXi." 


No. of 

squares 

1200 wiU 

cover. 


Wei|?ht 
per 1200 
in tons. 


No. re- 
quired 
to cover 

one 
square. 


No. of 

nails 
required 
to one 
square. 


Length. 


Breadth. 


Doubles . . . 
Ladies . . . 
Countesses . . 
Duchesses . . 

Imperials . . 
Rags and Queens 
Westraorelands, 
of Tarious sizes 


ft. In. 
1 1 
1 4t 

1 8 

2 

2 6 

3 


ft. in. 
6 
8 

10 

1 

2 
2 


6J 

7 

9 

101 

- a ton 

do. 


2 

^* 

10 
will co^ 
do. 


f 

u 

2 
3 

rer 2^ t( 

2 


480 
280 
176 
127 

> 2i squ 

d 


480 
280 
362 
264 

ares. 



Inch slab per foot superficial weighs 14 lbs. 

A journeyman slater receives about 5«. per day, and hi 
labourer about 8a. 
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PLASTERER 

286. The work of the plasterer consists in covering the 
brickwork and naked timbers of walls, ceilings, and parti- 
tions with plaster, to prepare them for painting, papering, 
or distempering ; and in forming cornices, and such deco- 
rative portions of the finishings of buildings as may be re- 
quired to be executed in plaster or cement 

536. The plasterer uses a variety of tools, of which the 
following are the principal ones : — 

The drag is a three-pronged rake, used Jo mix the hair 
with the mortar iji preparing coarse stuff. 

The hawk is a small square board for holding stuff on, 
with a short handle on the under side. 

Trowels are of two kinds, the laying and smoothing tool, 
with which the first and the last coats are laid, and the 
gauging trowel, used for gauging fine stuff for cornices, &c. ; 
these are made of various sizes, from 8 to 7 in. long. 

OffloatSy which are used in floating, there are three kinds, 
viz. the Derby, which is a rule of such a length as to require 
two men to use it; the hand float, which is used in finishing 
stucco; and the qvirk float, which is used in floating angles. 

Moulds, for running cornices, are made of sheet copper, 
cut to the profile of the moulding to be formed, and faed. 
in a wooden frame. 

Stopping and picking out tools are made of steel, 7 or 8 in 
long, and of various sizes. They are used for modelling, 
and for finishing mitres and returns to cornices. 

237. Materials, — Coarse stuff, or lime and hair, as it is 
usually called, is similar to common mortar, with the addi- 
tion of hair from the tanner*s yard, which is thoroughly 
mixed with the mortar by means of the drag. 

Fifie stuff is made of pure lime, slaked with a small 
quantity of water, after which, sufficient water is added to 
bring it to the consistence of cream. 

It is then allowed to settie, and the superfluous water 
being poured off, it is left in a binn or tub to remain in a 
semifluid state until the evaporation of the water has 
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brought it to a proper thickness for use. In using fine 
stuff for setting ceilings, a small portion of white hair is 
mixed with it 

Stticco is made with fine stuff, and clean-washed sand 
This is used for finishing work intended to be painted. 
. Gauged stuff is formed of fine stuff mixed with plaster 
of Paris, the proportion of plaster varying according to the 
rapidity with which the work is required to set. Gauged 
stuff is used for running cornices and mouldings. 

Enrichments, such as pateras, centre flowers for ceilings 
&c., are first modelled in clay, and afterwards cast of plaster 
of Paris in wax or plaster moulds. Papier mache orna- 
ments also are much used, and have the advantage of 
being very light, and being easily and securely fixed with 
screws. 

The variety of compositions and cements made use of by 
the plasterer is very great. Roman cement, Portland ce- 
ment, and lias cement, are the principal ones used for coat- 
ing buildings externally. Martin's and Keene's cements 
are well adapted for all internal plastering where sharpness, 
hardness, and delicate finish are required. 

238. Operations of Plastering. — ^When brickwork is plas 
tered, the first coat is called rendering. 

In plastering ceilings and partitions, the first operation 
is lathing. This is done with singUy one and a half, or double 
laths; these names denoting their respective thicknesses 
Laths are either of oak or fir ; if the former, wrought-iron 
nails are used, but cast-iron nails may be employed with the 
latter. The thickest laths are used for ceilings, as the strain 
on the laths is greater in a horizontal than in an upright 
position. 

Pricking up is the first coat of plastering of coarse stuff 
upon laths ; when completed, it is well scratched over with 
the end of a lath, to form a Key for the next coat 

Laid work consists of a simple coat of coarse stuff over a 
wall or ceiling. 

Two-coat work is a cheap description of plastering, in which 
the first coat is only roughed over with a broom, and after- 
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wards set with fine stuff, or with gauged stuff in the bettci 
descriptions of work. 

The laying on of the second coat of plastering is called 
floating, from its being floated, or brought to a plane surface 
with the float 

The operation of floating is performed by siuroimding 
the surface to be floated with narrow strips of plastering, 
called screeds, brought perfectly upright, or level, as the 
case may be, with the level or plumb-rule ; thus, in prepar- 
ing for floating a ceiling, nails are driven in at the angles, 
and along the sides, about 10 ft. apart, and carefully ad- 
justed to a horizontal plane, by means of the level. Other 
nails are then adjusted exactly opposite to the fii*st, at a 
distance of 7 or 8 in. from them. The space between each 
pair of nails is filled up with coarse stuff, and levelled with 
a band float; this operation forms what are called dot€ 
When the dots are sufficiently dry, the spaces between the 
dots are filled up flush with coarse stuff, and floated per- 
fectly true with a floating rule; this operation forms a 
screed, and is continued until the ceiling is surrounded by 
one continuous screed, perfectly level throughout Other 
screeds are then formed, to divide the work into bays about 
8 ft. wide, which are successively filled up flush, and floated 
level with the screeds. 

The screeds for floating walls are formed in exactly the 
same manner, except that they are adjusted with the plumb- 
rule iustead of the level. 

After the work has been brought to an even surface with 
the floating rule, it is gone over with the hand float, and a 
little soft stuff, to make good any deficiencies that may 
appear 

The operation of forming screeds and floating work, 
which is not either vertical or horizontal, as a plaster floor 
laid with a fall, is analogous to that of taking the face of a 
stone out of winding with chisel-drafts and straight edges 
in stone-cutting; the principle being in each case to find 
three points in the same plane, from which to extend ope- 
rations over the whole surface 



AKT OF BDILDINO 121 

Setting — ^When the floating is about half dry, the setting 
or flnishing coat of fine stuff is laid on with the smoothing 
trowel, which is alternately wetted with a brush and worked 
over with the smoothing tool, until a fine surface is ob 
tained. 

Stucco is laid on with the largest trowel, and worked over 
with the hand float, tiie work being alternately sprinkled 
with water^ and floated until it becomes hard and compact, 
after which it is finished by rubbing it over with a dry stock 
bi-ush. 

The water has the eflect of hardening the face of Uie 
stucco, so that, after repeated sprinklings and trowelings, it 
becomes very hard, and smooth as glass. 

239. The above remarks may be briefly summed up as 
follows. The commonest kind of work consists of only 
one coat, and is called rendering^ on brickwork, and laying^ 
if on laths. If a second coat be added, it becomes two- 
coat work, as render-set^ or lath lay and set. When the work 
is floated, it becomes three-coat work, and is render, float, 
and set, for brickwork, and lath, lay, float, and set, for ceil- 
ings and partitions ; ceilings being set with fine stuff, with a 
little white hair, and walls intended for paper with fine stufi 
and sand ; stucco is used where the work is to be painted. 

Bough stucco is a mode of finishing staircases, passages, 
&c., in imitation of stone. It is mixed with a large pro- 
portion of sand, and that of a coarser quality than troweled 
stucco, and is not smoothed, but left rough from the hand 
float, which is covered with a piece of felt, to raise the grit 
of the sand, to give the work the appearance of stone. 

Bough cast is a mode of finishing outside work, by dasii* 
ing over the second coat of plastering, whilst quite wet, a 
layer of rough-cast, composed of well-washed gravel, mixed 
up with pure lime and water, till the whole is in a semi- 
fluid state. 

Pugging is lining the spaces between floor joists with 
eoarse stuff, to prevent the passage of sound, or betwcea 
two stones, and is done on laths or rough boarding. 

G 
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In the midland districts of England, reeds are much used 
instead of laths, not only for ceilings and partitions, but for 
floors, which are formed with a thick layer of coarse gauged 
stuff upon reeds. Floors of this kind are extensively used 
about Nottingham ; and, from the security against fire 
afforded by the absence of wooden floors, Nottingham 
houses are proverbially fire-proof 

240. Plasterer's work is measured by the superficial yard; 
cornices by the superficial foot ; enrichments to cornices by 
the lineal foot ; and centre flowers and other decorations at 
per piece. 

MEMORANDA. 

The wages of a journeyman plasterer are from 4s. to 6« 
a day; those engaged in modelling and ornamental work 
will earn much more ; a labom*er receives from 2s. 6d. to 8« 
a day, and a plasterer's boy about Is. 

Lathing. — One bundle of laths and 384 nails will cover 
6 yards. 

Rendering. — 187 J yards require Ij hundred of lime, 2 
double loads of sand, and 6 bushels of hair. 

Floating requires more labour, but only half as much 
material as rendering. 

Setting. — 875 yards reqmre IJ himdred of lime, and 5 
bushels of hair. 

Render set. — 100 yards require 1| hundred of lime, 1 dou- 
ble load of sand, and 4 bushels of hair. — ^Plasterer, labourer, 
and boy, three days each. 

Laihj lay, and set. — 1^0 yards of lath, lay, and set, require 
1 load of laths, 10,000 nails, 2| hundred of lime, 1^ double 
load of sand, and 7 bushels of hair. — Plasterer, labourer, 
and boy, six days each. 

Twenty per cent, profit is allowed on all materials. 

SMITH AND IBONFOUNDEB 

241. The smith furnishes the various articles of wrought- 
ironwork used in a building; as pileshoes, straps, screw- 
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bolts, dog-irons, chimney bars, gratings, wrought-iron rail 
iBg, and wrought-iron balustrades for staircases. Wrought 
iron was formerly much used for many purposes for which 
cast iron is now almost exclusively employed ; the improve- 
ments effected in casting during the present century having 
made a great alteration in this respect 

The operations of the ironfounder have been described 
in Section II. of this volume, and therefore we have only 
here to enumerate some of the principal articles which are 
furnished by him. 

Besides cast-iron columns, girders, and similar articles 
which are cast to order, the founder supplies a great variety 
of articles which are kept in store for immediate use ; as 
cast-iron gmtings, balconies, rain-water pipes and guttering, 
air traps, coal plates, stoves, stable fittings, iron sashes, &c. 

Both wrought and cast iron work are paid fbr by weight, 
except small articles kept in store for immediate use, which 
are valued per piece. 

lbs. 

One cubic foot of cast iron weighs about 460 

Ditto wrought „ 476 

, Ditto closely hammered 485 

242. The coppersmith provides and lays sheet copper for 
covering roofs ; copper gutters, and rain-water pipes ; wash- 
ing and brewing coppers; copper cramps and dowels for 
stonemasons* work ; and all other copper work in a building ; 
but the cost of the material in which he works prevents its 
general use ; and the washing copper is frequently the only 
part of a building which requires the aid of this artificer. 
Sheet copper is paid for by the superficial foot, according to 
weight, and pipes and gutters per lineal foot; copper in 
dowels, bolts, &c., at per pound. 

243. Warming apparatus^ steam and gas fittings, and similar 
kinds of work, are put up by the mechanical engineer, who 
also manufactures a great variety of articles, which are pur- 
chased in parts, and put together and fixed by the plumber, 
as pumps, taps, water closet apparatus, &c 

(? 2 
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24-4. The heU-Tianger provides and hangs the bells requhxsd 
for communicating between the different parts of a building, 
and connects them with their pdU, or handles, by means oi 
cranks and wires. 

The action of the pull upon the bell should be as direct, 
and effected with as few cranks, as possible ; and the cranks 
and wires should be concealed from view, both to protect them 
from injury, and on account of their imsightly appearance 

In all superior work, the wires are conducted along con- 
cealed tubes, fixed to the walls before the plasterer's work is 
commenced. The simplest way of arranging the wires is 
to carry them up in separate tubes to the roof, where they 
may all be conducted to one point, and brought down a 
chase in the walls to the part of the basement where the 
bells are hung. By this means very few cranks are required, 
and a broken wire can be replaced at any time witliout 
trouble. 

245. Bell-hangers* work is paid for by the nimiber of 
bells hung ; the price being determined by the manner in 
which the work is executed. The furniture to the pulls is 
charged in addition, at per piece 

A journeyman smith receives about 6«. a day, and his 
labourer about ds. 6d. ; a good bell-hanger will receive Is, a 
day 

PLUMBEB. 

246. The work of the plumber chiefly consists in laying 
sheet lead on roofs, lining cisterns, laying on water to the 
different parts of a building} and fixing up pumps and 
water closets. 

247. The plumber uses but few tools, and those are of a 
simple character ; the greater number of them being simi- 
lar to those used by other artificers, as hammers, maUets, 
planes^ chisels, gouges, Jiles, &c. The principal tool peculiar 
to the trade of the plumber is the bat, which is made of 
beech, about 18 in. long, and is used for dressing and flat- 
tening sheet lead For soldering also the plumber uses iroD 



\ 
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ladles, of various sizes, for melting solder, and grazing iron^ 
for smoothing down the joints. 

248. The sheet lead used by the plumber is either cast 
or miUed, the former being geneially cast by the plumber 
himself out of old lead taken in exchange ; whilst the latter, 
which is cast lead, flattened out between rollers in a flatting 
mill, is purchased from the manufacturer. Sheet lead is 
described according to the weight per superficial foot, as 
5-lb. lead, 64b. lead, &c. 

Lead pipes, if of large diameter, are made of sheet lead, 
dressed round a wooden core, and soldered up. 

Smaller pipes are cast in short lengths, of a thickness 
three or foiir times that of the intended pipe, and either 
draum or rolled out to the [uroper thickness. 

Soft solder is used for uniting the joints of lead-work. It 
is made of equal parts of lead and tin, and is pmrchased of 
the manufacturer by the plumber, at a price per lb., accord- 
ing to the state of the market. 

249. Laying of Sheet Lead, — In order to secure lead-work 
from the injurious effects of contraction and expansion, 
when exposed to the heat of the sim, the plumber is careful 
not to confine the metal by soldered joints, or otherwise. 
All sheet lead should be laid to a suflficient current, to keep 
it dry; a fall of 1 in. in 10 ft. is sufficient for this puipose, 
if tlie boarding on which the lead is laid be perfectly even 
Joints in the direction of the current are made by dressing 
the edges of the lead over a wooden roily as shown in fig. 106. 

Joints in the length of the current are made with dripSy 
as shown on the left-hand side of fig. 107 

Fig. 106. Fig. 107. 



Flashings are pieces of lead turned down over the edges of 
other le&d work, which is turned up against a wall, as shown 
on the right-hand side of fig. 107, and serve to keep the 
wet from finding its way between the wall and the lead 
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The most secure way of fixing them is to build them iiito 
the joints of the brickwork ; but the common method is to 
insert them about an inch into the mortar joint, and to 
eecure them with wall hooks and cement (See fig. 107,' 

250. A very important part of the business of the plum 
ber consists in fitting up cisterns, pumps, and water-closet 
apparatus, and in laying the different services and wastes 
connected with the same. 

251. Plumbers' work is paid for by the cwt., milled lead 
being rather more expensive than cast 

Lead pipes are charged per foot lineal, according to size. 

Pumps and water-closet apparatus are charged at so much 
each, according to description; as also basins, air traps, 
washers and plugs, spindle valves, stop-cocks, ball-cocks, (fee. 



Table of the Weight of Lead Pipes, per yard. 




lbs. 


ox. 


8 


3 


5 


7 


8 





11 





14 





21 






The wages of a journeyman plumber are from 5s. to 6s. a 
day The plmnber's labourer receives from 3s. to 3s. 6d. a day 

ZINC WOBKER. 

252. The use of sheet lead has been, to a certain extent, 
superseded by the use of sheet zinc, which, from its cheap- 
ness and lightness, is very extensively used for almost all 
purposes to which sheet lead is applied. It is, however, a 
very inferior material, and not to be depended upon. The 
laying of it is generally executed by the plumber ; but the 
working of zinc, and manufacturing of it into gutters, rain- 
water pipes, chimney cowls, and other articles, is pi-actiged 
as a distinct business 

GLAZIEB. 

253. The business of the glazier consists in cutting glass, 
and fixing it into lead-work, or sashes. The former is the 



AST OF BUIU)1N(». 191 

oldest description of glazing, and is still used, not onl^r for 
cottage windows, and inferior work, but for church windows, 
and glazing with stained glass, which is cut into pieces of 
the required size, and set in a leaden framework ; this kind 
of glazing is called fretwork. 

254. Glazing in sashes is of comparatively modem intro- 
duction. The sash-bars are formed with a rebats on the 
outside, for the reception of the glass, which is cut into the 
rebates, and firmly bedded and backputtied to keep it in its 
place. Large squares are also sprigged, or secured with 
small brads driven into the sash-bars. 

255 Glazing in lead-work is fixed in leaden rods, called 
comes, prepared for the use of the glazier by being passed 
through a glazier's vice, in which they receive the grooves 
for the insertion of the glass. The sides or cheeks of the 
grooves are sufficiently soft to allow of their being turned 
down to admit the glass, and again raised up and firmly 
pressed against it after its insertion. 

For common lead-work, the bars are soldered together, so 
as to form squares or diamonds. In firetwork, the bars, in 
stead of being used straight, are bent roimd to the shapes 
of the different pieces of glass forming the device — ^lead- 
work is strengthened by being attached to saddle bars of 
iron, by leaden bands soldered to the lead-work, and twisted 
round the iron. 

Putty is made of pounded whiting, beaten up with lin- 
seed oil into a tough tenacious cement 

256. The principal tool of the glazier is the diamond, 
which is used for cutting glass. This tool consists of an 
unpolished diamond fixed in lead, and fastened to a handle 
of hard wood. 

The glazier uses a hacking-oiU knife, for cutting out old 
putty fi-om broken squares ; and the stopping knife for lay- 
ing and smoothing the putty when stopping-in glass into 



For setting glass into lead-work, the setting knife is used. 
Besides the above, the glazier requires a square and 
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Straight edges, a rule, and a pair of compasses, for dividing 
the tables of glass to the required sizes. 

Also a hammer and brushes, for s|)riggiug large squares, 
and cleaning ofif the work. 

The glazier's vice has already been mentioned ; the latter' 
kin is a pointed piece of hard wood, with which the grooves 
of the came$ are cleared out and widened for receiving the 
^lass. 

257. Cleaning windows is an important branch of the 
glazier s business in most large towns ; the glazier taking 
upon himself the cost of repairing all glass broken in 
cleaning. 

268. Glaziers* work is valued by the superficial foot, the 
price increasing with the size of the squares. Irregular 
panes are taken of the extreme dimensions each way. 

Crown glass is blown in circular tables from 3 ft. 6 in. to 
5 ft diameter, and is sold in cratesy the number of tables in 
a crate varying according to the quality of the glass. 
A crate contains 12 tables of best quality 
„ „ 15 „ second da 

„ „ 18 „ third do. 

Plate glass is east in large plates on horizontal tables, and 
afterwards polished 

The manufacture of sheet or spread glass, which was 
formerly considered a very inferior article, has of late years 
been much improved : much is now sold, after being po- 
lished, under the name of Patent Plate 

PAINTER, PAPER-HANGER, AND DECORATOR. 

259. The business of the house-painter consists in cover- 
ing, with a preparation of white lead and oil, such portions 
of the joiner's, smith's, and plasterer's work as require to 
be protected from the action of the atmosphere. Decora- 
tive painting is a higher branch, requiring a knowledge of 
the harmony of colours, and more or less of artistic skill, 
according to the nature of the work to be executed. The 
introduction of fresco painting into this country as a mode 
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Of uitemal decoration has led to the employment of some 
of the first artists of the day in the embellishment of the 
mansions of the nobility ; and the example thus s«t will, no 
doubt, be extensively followed. 

260. The principal materials used by the painter ore 
white lead, which forms the basis of almost all the colours 
used in house-painting ; Unseed oily and spirits of turpentine, 
used for mixing and diluting the colours; and dryers, as 
litharge, sugar of lead, and white vitriol, which are mixed 
with the colours to facilitate their drying PvUy, made of 
whiting and linseed oil, is used for stopping or filling up 
nail holes, and other vacuities, in order to bring the work to 
a smooth face. 

261. The painter's tools are few and simple; they con- 
sist of the grinding stone and muUer, for grinding colours ; 
earthen pots, to hold colours ; cans, for oil and turps ; a pal- 
let knife, and brushes of various sizes and descriptions. 

262. In painting woodwork, the first operation consists in 
hdling the knots, firom which the turpentine would other- 
wise exude and spoil the work. To effect this, the knots 
are covered with fresh slaked lime, which dries up and 
burns out the tmpentine. When this has been on twenty- 
four hours, it is scraped off, and the knots painted over with 
a mixture of red and white lead, mixed with glue size. 
After this they are gone over a second time with red and 
white lead, mixed with linseed oil. When dry, they must 
be rubbed perfectly smooth with pumice stone, and the 
work is ready to receive the priming coat This is com- 
posed of red and white lead, well diluted with linseed oil. 
Tlie nail holes and other imperfections are then stopped 
with putty, and liie succeeding coats are laid on, the work 
being rubbed down between each coat, to bring it to an 
even surface. The fii'st coat after the priming is mixed 
with linseed oil and a little turpentine; the second coat 
with equal quantities of linseed oil and turpentine. In lay- 
ing on the second coat, where the work is not to be finished 
vbite, on approach must be made to the required colour. 

a S 



180 r^ULTMENTS OF THE 

The third coat is usually the last, and is made with a base 
of white lead, mixed with the requisite colour, and diluted 
with one-third of linseed oil to two-thirds of turpentine. 

Painting on stucco, and all other work in which the sur- 
face is required to be without gloss, has an additional coat 
mixed with turpentine only, which, from its diymg of one 
uniform flat tint, is called a flatting coat. 

If the knots show througn the second coat, they must be 
carefully covered with silver leaf. 

Work finished as above described would be technically 
specified as knotted, primed, painted 3 oils, and flatted 

Flatting is almost indispensable in all deUcate interior 
work, but it is not suited to outside work, as it will not bear 
exposure to the weather 

263. Painting on stucco is primed with boiled Unseed oil, 
and should then receive at least three coats of white lead 
and oil, and be finished with a flat tint The great secret 
of success in painting stucco is, that the surface should be 
perfectly dry ; and, as this can hardly be the case in less 
than two years after the erection of a building, it will 
always be advisable to finish new work in distemper, which 
can be washed oflF whenever the walls are sufl&ciently dry to 
receive the permanent decorations. 

264. Chaining is the imitation of the grain of various 
kinds of woods, by means of graining tools, and, when well 
executed, and properly varnished, has a handsome appear- 
ance, and lasts many years. The term graining is also ap 
plied to the imitation of marbles. 

265. Clear coling (from claire coUe, i. e. transparent size, 
Fr.), is a substitution of size for oil, in the preparation of 
the priming coat It is much resorted to by painteis, on 
account of the ease with which a good face can be put on 
the work with fewer coats than when oil is used; but it will 
not stand damp, which causes it to scale off, and it should 
never be used except in repainting old work, which is 
greasy or smoky, and cannot be made to look well by aay 
other meaus. 
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266. Digtempering is a kind of painting in which whiting 
is used as tiie basis of tiie colours, tiie liquid medium being 
size ; it is much used for ceilings and walls, and always will 
require two, and sometimes three coats, to give it a uniform 
appearance. 

267. Painters* work is valued per superficial yard, ac- 
cording to the number of coats, and the description of work, 
as common colours, fancy colours, party colours, &c. 

Where work is cut in on both edges, it is taken by the 
Lineal foot In measuring railings, the two sides are mea- 
sured as flat work. Sash frames are valued per piece, and 
sashes at per dozen squares 

268. The manufacture of scagliola, or imitation marble, 
is a branch of the decorator's business, which is carried to 
very great perfection. 

Scagliola is made of plaster of Paris and different earthy 
colours, which are mixed in a trough in a moist state, and 
blended together until the required effect is produced, when 
the composition is taken from the trough, laid on the plaster 
ground, and well worked into it with a wooden beater, and 
a small gauging trowel. When quite hard, it is smoothed, 
scraped, and polished, until it assmnes the appearance of 
marble. 

Scagliola is valued at per superficial foot, according to 
the description of marble imitated, and the execution of the 
work. 

269. Gilding is executed with leaf gold, which is fur- 
nished by the gold-beater in books of 25 leaves, each leaf 
measining 3J in. by 3 in. The parts to be gilded are first 
prepared with a coat of gold size, which is made of Oxford 
ochre and fat oil. 

270. The operations of the paper-hanger are too simple 
to requu*e description. 

A piece of paper is 12 yards long, and is 20 in. wide, 
when hung, and covers 60ft. superficial; hence the number 
of superficial feet that have to be covered, divided by 60, 
will give the number of pieces required. 
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Paper-hangers* work is valued at per piece, according to 
the value of the paper 

The trades of the plumber, glazier, painter, paper-hangar, 
and decorator are often carried on by the same person 



SECTION V. 

WOKKING DKAWINGS, SPECIFICATIONS, ESTI- 
MATES, AND CONTRACTS. 

271. The erection of buildings of any considerable mag- 
nitude is usually carried on under the superintendence of a 
professional architect, whose duties consist in the prepara- 
tion of the various working drawings and specifications 
that may be required for the guidance of the builder ; in 
the strict supervision of the work during its progress, to 
insure that his instructions are carried out in a satisfactory 
manner; and in the examination and revision of all the 
accounts connected with the works. 

This brief enumeration of the duties of an architect will 
suffice to show how many qualifications are required in one 
who aims at being thoroughly competent in his profession. 
He must unite the taste of the artist with the science and 
practical knowledge of the builder, and must be at the 
same time conversant with mercantile affairs, and cdunting- 
house routine, in order that he may avoid involving his 
employer in the trouble and expense attendant on disputed 
accounts, which generally are the result of the want of a 
clear and explicit understanding, on the part of the builder, 
of the obligations and responsibilities of engagements 
based upon the incomplete drawings or vaguely-worded 
specifications of an incompetent architect. 

273. The profession of the architect and the trade of 
the builder are sometimes carried on by the same person : 
but this union of the directive and executive functions is 
not to be recommended; in the first place, because the 
duties of the workshop and the builder's yard leave little 
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tSrae tor the studj of the higher branches of architectural 
knowledge ; and, in the second place, because the absence 
of professional control will always be a strong temptation 
to a contractor to prefer his own interests to those of his 
employer, however competent he may be to design the 
buildings with the execution of which he may be charged. 

During the present century, the impulse given to our 
arts and manufactures, and the improvements effected in 
liie internal communications of the country, have given 
rise to the execution of many extensive works requiring for 
their construction a large amount of mechanical and 
scientific knowledge ; in consequence of which a new and 
most important profession has sprung up diuing the last 
thirty years, occupjring a middle position between those of 
architecture and mechanical engineering, viz., that of the 
civil engineer. The practice of the architect and of the 
civil engineer so closely approximate in many respects, that 
it is difficult strictly to draw the line of demarcation 
between them ; but it may be said in general terms that, 
whilst the one is chiefly engaged in works of civil and 
decorative architecture, such as the erection of churches, 
public buildings, and dwelling-houses, the talent of the 
•ther is principally called forth in the art of construction 
on a large scale, as applied to retaining walls, bridges, 
tunnels, lighthouses, &c., and works connected with the 
improvements of the navigation and internal communica- 
tions of the country. 

273. The business of the siuveyor is often carried on as 
a distinct branch of architectiutd practice ; and, as the title 
of surveyor is often appropriated by those who have no 
real claim to it, a few words on a surveyor's duties may not 
be here out of place. 

Surveyors may be divided into three classes ; land sur- 
veyors, engineering surveyors, and building surveyors. 

The business of an engineering surveyor, as distinr 
guished from that of a land surveyor, chiefly consists in 
the preparation of accurate plans, sections, and other data 
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relative to the intended sites of large works, which may be 
required by the architect or engineer preparatory to makmg 
out his working drawings, and in conducting levelling 
operations for drainage works, canals, railways, &c. 

The building surveyor prepares, from the drawings and 
specifications of the architect or the engineer, bills of 
quantities of mtended works, for the use of the builder, on 
which to fiume his estimates ; and, in the case of contracts, 
these bills of quantities form the basis of the engagements 
entered into by the builder and his employer, the surveyor 
being pecuniarily answerable for any omissions. The 
surveyor is also employed in the measurement of works 
already executed or in progress ; in the latter case, for the 
purpose of ascertaining the advances to be made at stated 
intervals, and is engaged generally in all business connected 
with builders* accounts.* 

374. The following is the general routine of proceedmgs 
in the case of large works. It will readily be imderstood 
that in small works subdivision of labour is not carried to 
such an extent, the architect superintending the works 
himself, without the aid of a clerk of the works, and the 
builders taking out their own quantities. 

I. The general design having been approved of, and the 
site fixed upon, an exact plan is made of the groimd, the 
nature of the foimdation examined, and all the levels taken 
that may be required for the preparation of the working 
drawings. 

II. The architect makes out the working drawings, and 
draws up the specification of the work. 

III. A meeting is held of builders proposing to tender 
for the execution of the proposed works, called either by 
public advertisement or private invitation, at which a 
surveyor is appointed in their behalf to take out the 
quantities. Sometimes two surveyors are appointed, one 
9n the part of the builders, and one on the part of the 

• See " Student's Guide for Measnring and Estimating Artificer's Work/ 
2nd edition, 8vo, 1853. 
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architect, who take out the quantities together, and check 
each other as they proceed. 

IV. The surveyor havmg furnished each party proposing 
to tender, with a copy of the bills of quantities, die builders 
prepare their estimates, and meet a second time to give in 
their tenders, after which the successful competitor and the 
employer sign a contract, drawn up by a solicitor, binding 
the one to the proper execution of the works, and the other 
to the payment of the amount of their cost at such times 
and in such sums as may be set forth in the specification. 

V. The work is then set out,* and carried on under the 



• On Setting-otU Worh, — The determination of the exact position of an 
intended building being sometimes difficult to accomplish, a few remarks 
on the subject may be acceptable. 

The setting out of the leading lines is simple enough on level ground, 
where nothing occurs to interrupt the view, or to prevent the direct mea- 
snrement of the required distances; but to perform this operation at the 
bottom of a foundation pit, blocked up with balks and shores, and ankle- 
deep in slush, requires a degree of practice and patience not always to be 
met with. Let us take a simple case, such as the putting in the abutment 



Fig. 108. 
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constant direction of a foreman on the part of the huildor, 
and on the part of the architect under the superintendence 
of an inspector or clerk of the works, whose duty is to he 
constantly on the spot to check the quality and quantity of 
material used, to see to the proper execution of the work, 
and to keep a record of every deviation from the drawings 
that may be rendered necessary by the wishes of the 
employer, or by local circumstances over which the archi- 
tect has no control 

The work is measured up at regular intervals, and 

of a bridge or viaduct, any error in the position of which would render the 
work useless (see fig. 108). The leading lines having been laid down on 
the drawings, the first thing to be done, before breaking ground, is to set 
out the centre line very carefully with a theodolite and ranging rods for a 
considerable distance on each side of the work, and to fix its position by 
erecting poles, planed true and placed perfectly upright, in some part oi 
the line where there is no chance of their being disturbed. 

Next, the exact position of the abutment on the centre line would be 
decided upon, and fixed by setting out another line at right angles to the 
first, M cd, which would also be extended beyond the works, and its posi- 
tion fixed by driving in stakes, the exact position of the line on the head 

of the stake being marked by a saw-cut Q) . 

These guiding lines having now been permanently secured, the plan of 
the abutment may be set out on the ground, the dams driven, and the earth 
got out to the required depth. By the time the excavation is ready for 
commencing the work, it generally presents a forest of stays, struts, and 
shores, that would defy any attempt at setting out the work on its own 
level ; it must, therefore, be set out at the level oi the top ot the dam, and 
the points transferred or dropped as follows : — 

First, thf position of the centre line is ascertained by reference to the 
poles, and, nails being driven into the timbers at the sides of the dam, a 
hne line is strained across; the position of the line cd is found, and a 
second line strained across in the same way. In a similar manner other 
lines are strained from side to side at the required distances, the lengths 
being measured from the line e d, and the widths from ab, until the outline 
of the foundation course is found ; the angle points are then transferred to 
the bottom ot the excavation by means of plumb-lines, and the work is 
commenced, its accuracy being easily tested by measurements from the 
Uues a b and c d, until it is so for advanced as to render this unnecessary. 
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payments made on accomit to the builder, upon the arch> 
tect's certificate of the amoimt of work done. 

VI. The work being completed, the extras and omissions 
are set against each other, and the difference added to or 
deducted from the amount of the contract, and the whole 
business is concluded by the architect giving a final certifi- 
cate for the payment of the balance due to the builder 

275. Plan of Site. — In preparing the plan of the site of 
any proposed works, the operations of the surveyor will 
generally have to be extended beyond tiie spot of ground 
on which the building is to stand. The fi-ontages of the 
adjacent buildings, and the position of all existing or con- 
templated sewers, drains, and watercom^ses, should be 
correctly ascertained and laid down. Sketches drawn to 
scale of the architectural features of the adjacent buildings, 
if in town, and accurate outline sketches of the incidents of 
the locality of the intended operations, if in the coimtry, 
should accompany the plan, that the architect may try the 
effect of his design before its actual execution renders it 
impossible to remedy its faults 

By the careful study of all these data the architect may 
hope to succeed in making his works harmonise with the 
objects that surround them ; without them, failure on this 
head is almost a certainty. 

276. LeveU. — ^Where the irregularities of tlie ground are 
considerable, it is necessary to ascertain the variations of 
the surface before the depth of the foundations and the 
position of the floors can be decided upon. 

It also frequently happens that the levels of the floors 
and other leading lines, in a new building, are regulated by 
the capabilities of sewerage or drainage, or by the heights 
of other buildmgs with which the new work will ultimately 
be connected, as in the case of new streets. It therefore 
becomes of importance to have simple and accurate means 
of .ascertaining and recording the relative heights of 
different points. For this purpose bjjtli-fee.sjiutlevel and 
the mason's level ai'e used /^^^ ^'^^A/^ 

UNIVEKSITY 
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277. Where the ground to be levelled over is limited in 
extent, and the variations of level do not exceed 12 feet 
the heights of any points may be found with the majBon*s 
level in the following manner. (See fig. lOU.) 

Fiff. 109. 




In a convenient place, near the highest part of the 
groimd, drive three stout stakes at equal distances from 
each other, and nail to them three pieces of stout plank, 
placed as shown in the cut, their upper edges being adjusted 
to the same horizontal plane by means of the mason's level. 
The level being then placed on this frame, an assistant 
proceeds to the first point of which the height is required, 
holding up a rod with a sliding vane, which he raises or 
lowers in obedience to the directions of the surveyor, until 
it coincides with a pair of sights fixed at the bottom of the 
level ; the height of the vane will then be the difference of 
level between the top of the levelling frame, and the place 
where the staff was held up 

278. The above and similar methods will suffice for 
taking levels in a rough way for the ordinary purposes of 
the builder ; but where great accuracy is requisite, or where 
the levels have to be extended over a considerable distance, 
lis is often the case in drainage works, the use of a more 
perfect contrivance is necessary, and the spirit level is the 
mstrument principally used for this purpose. 

The spirit level consists of a telescope mounted on a 
portable stand, and furnished with screw adjustments, by 
means of which it can be made to revolve in a horizontal 
plane, any deviation from which is indicated by the motion 
of an air-bubble in a glass tube fixed parallel to the tele- 
iicopc. 
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The eye-piece of the telescope is furnished with cross* 
wires, as they are technically termed, made of spiders' 
thread, of which the use will be presently explained. 

379. The levelling staff, now in common use, is divided 
mto feet, tenths, and hundredths, in a conspicuous manner, 
so that, with the help of the glass, every division can be 
distinctly seen at the distance of one hundred yards or 
more. The mode of conducting the operation of levelling 
is as follows : — 

The surveyor having set up and adjusted his instrument, 
the staffholder proceeds to the point at which the levels ai-e 
to commence, and holds up his staff perfectly upright and 
turned towards the smreyor, who notes the division of the 
staff which coincides with the horizontal wire in the tele- 
scope, and enters the same in his level-book; the staff- 
holder then proceeds to the next point, and the reading of 
the staff is noted as before ; and this is repeated until the 
distance or the difference of level makes it necessary for 
the surveyor to take up a fresh position. While this is 
being done, the staffholder remains stationary, until, the 
level being adjusted again, he carefully turns the face of the 
staff so as to be visible from the instrument in its new 
position, and a second reading of the staff is noted, after 
which he proceeds forward as before for a fresh set of 
observations. 

280. In every set of observations the first is called a 
Backsight and tiie last a Foresight. The remaining obser- 
vations are called intermediates, and are entered accord- 
ingly. It will be seen that an error in an intermediate 
reading is confined to the point where it occurs; but a 
mistake in a back or foresight is carried throughout the 
whole work, and therefore every care should be taken to 
insure accuracy in observing these sights. 

281. The surveyor should commence and close his work 
by setting the staff on some well-defined mark, which can 
readily be referred to at any subsequent period, such as a 
door-step, plinth of a column, &c. These marks are called 
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Ijench marks, written B M, and ai^e essential for eitliei 
checking the work or carrying it on at a subsequent period. 
282. The reduction of the levels to a tabular form for use 
IS a simple arithmetical operation, which will be readily 
understood by examination of the annexed example of a 
level-book, and of the accompanying section,* fig. 110 

Fiff. 110. 




The difference between the successive readings in any set 
of observations is the difference of level between the points 
where the staff was successively held up, and by simple 
addition or subtraction, * according as the ground rises or 
falls, we might obtain the total rise or fall of the groimd 
above or below the starting point ; but as this would require 
two columns, one for the total rise, and one for the total 
fall, it is simpler to assume the starting point to be some 
given height above an imaginary horizontal datum line, 

* In plotCing sections of groond, it is usual to make the vertical scale 
much greater than the horizontal, which enables small variations of level 
to be easily measured on the dravring without its being extended to an 
inconvenient length. This is shown in the lower half of fig. 110. The 
apper part of the figure shows the section plotted to the same horizontal 
and vertical scale. 
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drawn below the lowest point of the ground, to which level 
all the heights are referred in the column headed total 
height above datum line. 

283. The accuracy of the arithmetical computations is 
proved by adding up the foresights and backsights, and, de- 
ducting the sum of the former from that of the latter (the 
height of the first B M having been previously entered at 
the top of the page as a backsight), the remainder will be 
the height of the last 6 M, and should agree with the last 
figures in the column of total heights. 

284. In levelling the site of a proposed building, if no 
suitable object presents itself for a permanent B M for 
future reference, a large stake, hooped with iron, should be 
driven into the ground in some convenient place where it 
will not be disturbed. The height of this stake being then 
carefully noted and marked upon the elevations and sec- 
tions of the building, it will serve as a constant check on 
the de])ths of the excavations and the heights of the diffe- 
rent parts of the work, until the walls reach the level of 
the principal floor, when it will no longer be required. 

285. We must not leave the subject of levels without 
mentioning a very useful instrument, called the water-level, 
which consists of a long flexible pipe, filled with water, and 
terminating at each end in an open glass tube. When it is 
required to find the relative heights of any two points, as, 
for instance, the relative levels of the floors of two adjoining 
houses, the two ends of the tube are taken to the respec- 
tive points, the tube being passed down the staircases, over 
the roofs, or along any other accessible route, no matter 
how circuitous, and the required levels are found by mea- 
suring up from the floors to the surface of the water, which 
will of course stand at the same level at each end of the 
tube 

WORKING DBAWINOS. 

286 The architect being frimished with the plan and 
levels of the site of his operations, and having caused a 
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careM examination to be made of the probable nature of 
the foundation by digging pits or taking borings, proceeds 
to make out his working drawings. 

It is not sufl&cient for the execution of working drawings 
that the draughtsman should be acquainted with the ordi- 
nary principles of geometrical projection. He must also 
be tJioroughly conversant with perspective, and with the 
principles of chiascuro, or light and shade, or he will 
work at random, as the geometrical projections which are 
required for the use of the workmen give a very false idea 
of the effect the work will have in execution. 

287. Working drawings may be divided under three 
heads, viz. : — ^Block plans, General di-awings, and Detail 
drawings : — 

I. Block Plans. — These show the outline only of the 
intended building, and its position with regard to surroimd- 
ing objects. They are drawn to a small scale, embracing 
the whole area of the site, and on them are marked the 
existing boundary walls, sewers, gas and water mains, and 
all the new walls, drains, and water-pipes, and their pro- 
posed connection with the existing ones, so that the 
builder may see at a glance the extent of his operations. 

A well-digested block plan, with its accompanying levels, 
showing the heights of the principal points, the fall of the 
drains, &c., is one of the first requisites in a complete set of 
working drawings. 

II. General Drawings. — These show the whole extent of 
the building, and the arrangement and connection of the 
different parts more or less m detail, according to its size 
and extent. These drawings consist of Plans of the 
foundations, and of the different stories of the building, 
and of the roofs; Elevations of the different fronts; and 
Sections showing the heights of the stories, and such con- 
structive details as the scale will admit of. These draw- 
ings are carefully figured, the dimensions of each part 
being calculated, and its position fixed by reference to some 
vrell-defined line in the plans or elevations, the position of 
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which admits of easy verification in all stages of the work 
Tliis is best done by ruling faint lines on the drawings, 
through the principal divisions of the design, as shown in 
tig. Ill, where the plan and elevation are divided into com- 

2^111. 




partmonls by lines passing through the centres of the 
columns from which cdl the dimensions are dated each way 
These centre lines are, in the execution of the work, kept 
constantly marked on the walls as they are carried up, so 
that they are at all times available for reference. 

By this means, the centre lines having been once care- 
fully marked on the building, any slight error or variation 
from the drawings is confined to the spot where it occurs, 
instead of being carried forward, as is sometimes the case, 
to appear only when correction is as desirable as it is im- 
possible. 

The 1166 of these centre lines also saves much of the 
labour of the draughtsman, as they form a skeleton, of 
which only so much need be filled up as may be required 
to show the design of the work. 

III. Detailed Drawings. — Theso are on a large scale, 
showing those details of construction which could not be 
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explained in the general drawings, such as the framing of 
floors, partitions, and roofs, for the use of the carpenter; 
the patterns of cast-iron girders and stoi7 posts for the 
m>n-founder; decorative details of columns, entahlatures, 
and cornices, for the carver; the requisite details heing 
made out separately, as far as possible, for each trade; 
which arrangement saves much time that would otherwise 
be wasted in referring from one drawing to another, and, 
which is still more important, insures greater accuracy, 
from the workman understanding better the nature of his 
work. 

In making the detailed drawings, every particular should 
be enumerated that may be required for a perfect under- 
standing of the nature and extent of the work. Thus, in 
preparing the drawings for the iron-founder, every separate 
pattern should be dniwn out, ana the niunber stated that 
will be required of each. 

This principle should be attended to throughout the 
whole of the detailed drawings, as, in the absence of such 
data, it is very difl&cult to prepare correct estimates for the 
execution of the work without devoting more time to the 
study of the drawings than can generally be obtained for 
that purpose. 

SPECIFICATION 

288. The drawings being completed, the architect next 
dr&ws up the specification of the intended works. This 
is divided under two principal heads — 1st, the conditions of 
the contract; and 2nd, the description of the work. 

The title briefly states the nature and extent of the works 
to be performed, and enumerates the drawings which are to 
accompany and to form part of the written specification. 

289. Conditions of Contract, — ^Besides the special clauses 
and provisions which are required by the particular circum- 
stances of each case, the following clauses are inserted in 
all specifications : — 

1. The works are to be executed to the fiill intent and 
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Tneaning of the drawings and specification, and to the satis 
faction of the architect 

Q. The contractor to take the entire charge of the worka 
duiing their progress, and to he responsible for all losses 
and accidents until their completion. 

3. The architect is to have power to reject all improper 
materials or defective workmanship, and to have full con- 
trol over the execution of the works, and free access at all 
times to the workshops of the contractor where any work is 
being prepared. 

4 Alterations in the design are not to vitiate the contract, 
but all extra or omitted works are to be measured and valued 
according to a schedule of prices previously agreed upon. 

5. The amount of the contract to be paid by instalments 
as the works proceed, at the rate of — per cent on the 

amount of work done, and the balance within firom 

the date of the architect's final certificate. 

Lastly. The works are to be completed within a stated 
time, under penalties which are enumerated. 

290. The description of the works details minutely the qua- 
lity of the materials, and describes the manner in which 
every portion of the work is to be executed, the fulness of 
the description depending on the amount of detailed infor- 
mation conveyed by the working drawings, care being taken 
that the drawings and specification should, together, con- 
tain every particular that is necessary to be known in order 
to make a fair estimate of the value of the work 

291. The chief merit of a specification consists in the 
use of clear and explicit language, and in the systematic 
arrangement of its contents, so that the description of each 
portion of the work shall be found in its proper place ; to 
facilitate reference, every clause should be numbered and 
have A marginal reference attached, and a copious index 
should accompany the whole. 

BILLS OF QUANTITIES 

a92 The surveyor being furnished by the architect with 
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the draw-ini^s and specification, proceeds to take out the 
quantities for the use of the parties who propose to tender 
for the execution of the work. This is done in the same 
way that work is measured when executed, except that 
the measiu'ements are made on the drawings with a scale 
instead of on the real huilding with measuring rods. 

Q93. In taking out quantities there are three distinct 
operations : 1st, taking the dimensions of the several parts 
of the work and entering them in the dimension book; 
2udly, working out the quantities fix)m the dimensions, and 
posting them into the columns of the abstracts, which is 
called ahstracting ; 3fdly, casting up the columns of the abs- 
tracts and bringing the quantities into bill. 

294. The dimension book is ruled and the dimensions 
entered as in the following examples: — 



No. 


Dimension. 


Quantity. 


Description. 


16 


ft m. 
14 

10 

2^ 


ft in. 
( 38 10 


7 Memel fir framed joists to front 
\ room ground floor. 



In this example, the work measured consists of sixteen 
joists, each 14 ft long and 10 in. deep and 2^ in thick, and 
the total quantity of timber they contain amounts to 38 ft 
10 in. cube. 



Dimension. 


No. of bricks 
in thiclcness. 


Quontitr. 


Description. 


It in. 
20 6 

11 6 

1 


2i 


ft in. 
285 9 


) Stock brickwork in mortar to 
front wall, from footings to 
) Ist set-off. 



This example needs no explanation. 
296. In preparing the abstract for each trade, tilie sur 
veyor looks over his dimensions to see what articles he wiU 

H d 
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have, aud rules his paper into columns accordingly, writing 
the proper heads over each. 

The principal point to be attended to in abstracting 
quantities is, to preserve a regular rotation in arranging 
the different descriptions of work, so that every article may 
at once be found on referring to its proper place ^in the 
abstract. 

No fixed rules can be given on this head, as the form of 
abstract is different for every trade, and must be varied ac- 
cording to circumstances ; but, as a general principle, arti- 
cles of least value should be placed first. Solid measure 
should take precedence of superficial, and superficial of 
lineal, and miscellaneous articles should come last of all ; 
or in technical terms, the rotations should be, 1st, cubes, 
2nd, supers. ; 3rd, runs ; and, lastly, miscellaneous. 

296. In bringing the quantities into bill, the same rota- 
tion is to be observed as in abstracting them, care being 
t^en that every article is inserted in its proper place, so 
that it may readily be found in the bill. 

The limits of this volume prevent our going into much 
detail on the subject of builders' accounts, and we must 
therefore confine ourselves to laying before the reader a 
skeleton estimate, which will give him a tolerable idea of 
the manner in which the several kinds of artificers* work 
are abstracted and brought into bill 

297. Estimate for the Erection of at for 

, according to Specification and Drawings numbered 

1 to — , prepared by Architect 

(Date ) 



— — cube 



In. 



FouNDATions. 

Excavation to foundations including 

coiFerdams, pumping, &c. 
Concrete . • • • 



Timber in piles driven — ft. through 
(describe the material), including 
ringing, shoeing, and driving, but not 
ironwork 

Do. in 6-in. planking, spiked to pile- 
heads 



£ 



Carried forward 



^ 
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owt qii ib*. 



rods. It 
— — Bupl. 



«qn. ft. 



yds. ft 



ft. in. 



— — run 



Nos. 



yds. ft 



cube 



ft. fn. 

— — 8Upl 



— — rnn 



FouNDATiovs continued, 

Brougnt forward 
Wrought iron in shoes to piles . .lat — 
Total of foundations to be carried to 
summary . . 

Brioklatbr. 
Reduced brickwork in mortar . 



Do. 



do. 



in cement 



Tiling (describing the kind, whether 
plain or pantiling, if single or double 
laths, &c., &c) . • 

Bricknogging to partitions 
Faying (of various descriptions) 
And all other articles valued per 
yard superficial. 



Gauge arches .... 
Facings (with superior description of 

bricks, specifying the quality) 
Cutting to arches or splays 

And all other work valued by the 
foot superficial. 
Barrel or other drains (specifying sisse, 

&c) 

Tile creasing .... 

And all other articles valued by 
running measure. 
Chimney pots, each; bedding and 

pointing sash and door frames, each; 

and all miscellaneous articles 

Total of bricklayers* work to be 
carried to summary . 

Masoh. 

Eabble walling . . . 
Hammer-dressed walling in random 



Rtone (describmg me kinds) 

Labour on above (as plain work, sunk, 
moulded or circular work) . 

Hearths, pavings, landings, &c., begin- 
ning with the thinnest . 

Marble slabs, beginning with the 
thinnest and inferior qualities 

Window sills, curbs, steps, copings, &c 

Joggle joints, chases, &c. 



£ f . d. 



£ f. d. 



£ tu d. 



Cflcried forward 
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Not. 



»qTf. fL. 

— — supl. 



ft W 

— — cube 



— — fupL 



— — nm 



Masoh eorUinued, 

Brouglit forward . 

Mortices and rail holei:, &c— dowels, 

crampf, and other artidet nnmbered 

ToUl of mason's work to be carried 

to summary 

CaRPBNTBB iJTD JOUBB. 

Labour and nails to roofs, floors, or 
quarter partitions 

Battenings and boardings according to 
description 

Floors, according to description, begins 
ning with the inferior and ending 
with the best descriptions • 
And so on for all work yalued by 
the square. 

Memel fir, according to description, as 
fir bond, fir framed, wrought and 
firamed, wrought, framed, and re- 
bated, &c 

Do. proper door and window cases 
Then oak and superior descriptions 

of timber, m the same way, 
Then the superficial work, as- 

^in. deal rough linings, and so on 
with the different thicknesses of 
deals according to the labour on 
them ; arranging them according to 
their thickness and the amount of 
labour on them, beginning with the 
thinnest .... 
Then oak plank or mahogany in the 

same way. 
Then take the framed work, i 

1^-in. deal square-framed inclosure to 
closets, and so on with the rest of 
the framed work, as doors, shutters, 
sashes, frames, &c, according to 
description ..... 
Then the work valued by running 
measure, as — 

2|-in. Spanish mahogany moulded, 
grooYed, and beaded lumdrail 
Then the numbers, as — 

llEitred and turned caps, fixing iron 
balusters, &c. . . . 

Lastly — The Ironmongery, every 
article of which should be carefully 

described 

Total of carpenter and joiner's 
work to be carried to summery 



at— 



£ $, d. 



£ a. d. 
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SqW. ft 

— — irapl. 



-mn 

N08. 



yds. ft. 
— — ireipL 



SlATBB. 

Countess, or any other kind of slatingi 
according to description • 
Then slate slab, as — 

Inch shelves, rubbed one side, begin- 
ning with the slabs of least thick- 
ness, and arranging them according 
to the labour bestowed on them 
Then the work valued by running 
measure, as — 

Patent saddle-cut slate ridge . 
Lastly the numbers, as — 

Holes, cut, &c ... 
Total of slater*8 work to be carried 
to summary 

Plastebeb. 

First the superficial quantity of 
plastering, as — 

Render float and set to walls, begin- 
ning with the commonest, and pro- 
ceeding through the different de- 
scriptions of two and three coat work 
up to the stuccos and superior work 

Then the whitewashing, distempering, 

«6C 

Next the run of cornices, archi- 
traves, reveals, &c., as — 

Plain cornice to drawing-room, 14-in. 

girt 

And lastly the numbers, as — 

4 mitres, 1 centre flower, 80 in. dia- 
meter, &c, &c . • • • 
Total of plasterer's work to be car- 
ried to summary 

Smith and Ihon-Foundbr. 

Begin with the cas^iron, as — 
Cast iron in No. i girders, including 

patterns, painting, and fixing 

N.B.— State the No. of patterns. 

Then the smaller castings, as — 
Railings, balconies, columns, &c. 

Then the wrought iron, as — 
Wrought iron in chimney bars, straps, 

screw bolts, railings, &c. • . 

Then the articles sold by running 
y^ ft, measure, as — 

—1 run [Cast-iron gutters, water-pipes, &c. 

Carried forward 



— — run 



Nob. 



UmB.e9rt.qn.\\M 



at — 



£ i. i. 



£ s. (f« 



£ s. d. 
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Smith and iBON-PoimDiB cowtwuuci. 

Brought forward . 

Lastly the numbers, as — 

J^fofi. Stores, coal-plates, stable-fittings, &c. . 

Total smith and iron-founder's work 

to be carried to summary . 

Bell-hanobr. 

Number the bells, and describe the 

mode of hanging, as — 

Kof. — bells hung with copper wires in 

concealed tin tubes, with bells, 

cranks, and wires complete . 

And then enumerate the ornamental 

furniture to the dififerent pulls 

Total of bell-hanger's work to be 

carried to summary . • 



owt. ^pB. Um. 



ft m. 
— — run 



Nos. 



yd* ft. 

— fUpl. 



ft. to 
— — nm 



Nof. 



£ $. i. 



<£ f. cL 



Plumbeb. 

Cast lead laid in gutters, hips, ridges, 

flats, cisterns, &c. ; including all 

solder, wall hooks, nails, &c 

Milled do. do. 

Then socket, rain-water, and funnel 

pipes, and other work valued by 

the lineal foot, as- 

Inch drawn pipes . 

Lastly the numbers. 
Joints, plugs, and washers, air traps, 
brass grates, cocks, copper balls, 
pumps, water closets, apparatus, kc 
Total of plumber's work to be 
carried to summary 

Fainteb. 

Of painting, according to description, 
specifying the number of oils, and 
whether common or extra colours, 
beginning with the work in fewest 
coats and finishing with the most 
expensive descriptions . 
Then the running work, as — 

Skirtings, plinths, window sills, &c. 
Lastly the numbers, as — 

Flames, squares, chimney pieces, &c. 
Total of painter's work to be carried 
to sunmuuy 



£ «. <2. 



£ • i. 



— — SCfl. 



yiU. ft. 

— — gupi. 

ft. 



ydt. 



in. 

ft. 
— nm 

N08. 
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Glazixb. 



Glazing, according to descriptioii, 
specifying size of squares and 
quality of glass . . • . 
Then the stained and other orna- 
mental glass; and, lastly, the 
plate glass. 
Total of glazier^s work to bo carried 
to summary 

PAFER-HANaER AHD DE(X)EAT0R. 

Distempering, according to description 
Scagliola slabs do. . 



at — 



Gold mouldings 

Pieces of paper hung, according to de 
scription, including preparing walls 
— Hanging, lining, paper, and pu- 
micing do. . 
Dozen of borders .... 
Total of paper-hanger and deco- 
rator's works to be carried to 
summary . • . 

SUHDBIBS. 

Temporary fencings— watching and lighting works 
Office for clerk of works .... 

District surveyor's fee 

Fire insurance . . • - > 
Surveyor's charge for bills of quantities 



Total sundries to be carried to summary 

Summary of Bills. 

Foundations 

Bricklayer . 

Mason 

Carpenter and joiner 

Slater 

Phisterer . 

Smith and iron-founder 

Bell-hanger 

Plumber, painter, and glaiier 

Paper-hanger and decorator . 

Sundries . . . • 

Total amount of estimate. . 
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208. The surveyor furnishes the builder, whose teudo.r is 
accepted, with copies of the drawings from which the quan- 
tities have been taken off. 

By reference to these, the builder can at all times satisfy 
himself that the detailed drawings, furnished for the exe- 
cution of the work, contain nothing beyond what he has 
contracted for. 

Copies of the drawings and specification are attached to 
fiie contract deed, and are signed by the builder and other 
parties respectively concerned. 

299. It scarcely ever happens that a large imdertaking 
can be carried into execution without considerable departure 
from the contract designs, especially m the matter of foun- 
dations and undergroimd work ; the exact nature and ex- 
tent of which must often be uncertain until the works are 
commenced. 

To provide for these contingencies without setting aside 
the contract, the builder's estimate is accompanied by a 
schedule of prices at which he undertakes to execute any 
additional work that may be required, or to value any work 
that may be omitted. This schedule should be very care- 
fully drawn out, so that there shall be no dispute as to its 
meaning ; thus, under the head of brickwork, it should be 
clearly understood whether centering is included in the 
price named, or whether it is to form an additional charge ; 
with iron-founder's work, whether the price includes pat- 
terns , and so on with every description of work 

3(i0. For taking out quantities, surveyors are allowed a 
commission of 2 J per cent, on the cost of the work, and 
they are responsible to the builder for any omissions which 
may have to be made good by the latter. 

301. Architects are remunerated by a commission of 5 
per cent, on the amount expended under their direction, 
besides travelling expenses, salaiy of the clerk of the 
works, and occasionally other charges, according to circum- 
Atancei: 
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Note A, Page 13. — HsTAiyiNa Walls* 

The author, in the preface to the earlier editions, stated that authors 
prior to that date, from, haying neglected to take into consideration the 
friction of earth or gravel upon itself, had rendered the tbrmulsB at 
which they had arrived, giving the conditions of stability of retaining 
walls, &Si., of little or of no value in practice. He quotes Mr. Gwilt, who, 
in his " EncyclopaBdia of Architecture," Article 1,584, states that " he 
leaves out of question the rules of Dr. Hutton, as being absurd and 
incomprehensible;" but rightly adds that Button's formulaB, upon 
Hutton' s data, are correct, and only require the correction for frictiou 
to make them agree with modem practice. 

We need not, in a work so elementary as this, discuss that question 
here. I'he author, however, wrote at a period anterior to the publica- 
tion of the formulae and rules given by Professor Moseley, in his 
" Engineering and Architecture," and by Professor Eankine, in his 
volume of " Mechanics applied to Civil Engineering." 

To both of these the student maybe referred who desires thoroughly 
to understand the subject generally ; the more advanced student will 
find a mass of important matter, theoretical and experimental, scat- 
tered through English and foreign engineering literature, and will 
derive great advantege by studying the examples with the conditions 
in which they were produced by some of the more celebrated engineers 
at home and abroad. 



. Note B, Page 30. — ^Easing Down CBNTEKma. 

Since the date of the earlier editions of this work two methods of 
easing down centering — both, however, proposed at a considerably 
ahtenor period — have been brought into use with success and advan- 
tage. The first of these consists in substituting for the great chase 
wedges, and placed in the same position in which those are shown in 
Fig. 26, short but strong and powerful screw-jacks. By these the 
easing down is effected without the necessity for those tremendous 
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blows from a battering-ram necessary to start large chase wedges, and 
the danger of the wedges becoming so set together that they cannot be 
started at all, which has ere now happened, is avoided. The second 
method consists in supporting the centering at like points to the above 
by shallow iron, or strong timber, boxes filled with dry sand, which is 
permitted to run out by a lateral aperture, like sand from a common 
hour-glass, when the lowering is to occur. This has been found to 
answer well on the Continent, and also in India, in respect of some of 
the large viaduct arches upon the Great East Indian Hail way. 



Note C, Page 42. — Fibe-proop Floobs. 

The student will do well to make clear his notions as to what are the 
conditions requisite in a floor, still more in an entire building, that it 
shall be rightly entitled Fire-proof, The vast mass of so-called floors 
and buildmgs are mere deceptive shams. 

In the loose language of ever}' day c/^nverse, as well as in much that 
in type ought to be more precipe, anything is called a fire-proof floor 
or building, provided well-known combustible materials, such as 
timber, does not enter into the skeleton of the structure. The word is even 
rather audaciously applied to structures such as the so-called fire-proof 
flooring of Fox and Barrett's patent, in which a very considerable pro- 
portion of timber is employed, though shut up from the eye, and, we 
may add, from the free air, which, as Mr. Dobson remarks, is essential 
to its durability. Neither these floors nor those so extensively 
employed in the north of England and in Scotland for factory floors, as 
shown in section in Fig. 50, nor a multitude of other constructions, 
patented or otherwise, are really fire-proof at aU. The most that can 
be said for them is that they may delay the spread of conflagration. 

Upon the subject of fire-proof construction the student should con- 
sult various papers in the " Minutes of Proceedings of the Institution 
of Civil Engineers,*' and in the leading technical journals, and the 
works on the subject of the late Mr. Braid wood, of the London Fire 
Biigade, and of Mr. Young, recently published. 



Note D, Page 47. — ^Roops of Labge Span, 

A narrow limit is set to the clear span of roofs when they are con- 
structed «f timber, as will be readily seen by the student who has 
mastered properly the elements of physics as applied to structure. 

The modulus of compression of all such timber as can be commanded 
in sufficient quantity in the necessary long and straight lengths, and 
at a cheap enough rate, is so low that the crushing up, both laterally 
and in the end way of the grain, fixes their limit. The use of iron 
has, however, given an immense extension to the powers of the en- 
gineers in producing roofs of vast olear span. Two hundred and fifty 
feet, which, unless at prodigious cost, approaches the practical limit of 
span in timber roofs with any permanent covering heavier than sheet 
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copper or zinc, is but the starting-point for future great roofs in iron, 
or still more in steel. 

There can be no doubt that roofs of such material of 1,000 feet span 
may, with perfect ease and without any prohibitory cost, be safely 
produced. 

And if full advantage be taken in the structural details of the ten- 
sional resistance of steel bars, probably double that span, if ever 
required, would not prove too heavy a tax upon the existing resources 
of the engineer. The iron roof of the St. Pancras Station, London, of 
the Midland Railway, now in progress, from the design of P. W. 
Barlow, Esq., C.E., is probably the largest in span yet attempted. 

Note E, Page 69. — Ztsg Coating, &o 

The coating of wrought-iron and cast-iron with zinc, or with some 
alloys of zinc and lead, or zinc and tin, into which, when in fusion, the 
iron is dipped with certain preparations and precautions, has become 
extensively practised since M. Sorel, a Frenchman, first proposed the 
process, which has been the subject of many inferior British patents 
now expired. As a method of protection against the weather, i.e. 
against the conjoint eflFects of air and moisture, coating with pure zinc, 
if thoroughly well done, is tolerably effectual when applied to wrought 
iron. It is never so when applied to cast-iron. Nor is it, as a pro- 
tection, of the slightest value upon either wrought or cast-iron, if these 
are exposed to the atmosphere of our coal-burning cities. The cast- 
iron plates of the roof of the Houses of Parliament present a lamentable 
proof of this fact, and wrought iron equally acted on may be seen in 
numberless places in London and other English towus. 

Li the pure atmosphere of the country' — in agricultural districts and 
those not too near the sea, where the saline spray carried in by storms 
acts upon it — zincked or galvanised iron, as a covering, may be trusted, 
especially in dryer climates than ours, such as Canada or Australia. 

Zinc itself, even the purest, such as that supplied by Mossilman, or the 
Vieulle Montagne Company, is not proof against the corrosive action 
of the smoke and sulphur-laden atmosphere of our coal-burning towns 
and manufacturing districts. 

Upon the whole subject of the action of air and water upon the 
metals employed in the construction, the student will considt with 
advantage the four reporUd of Mr. Robert Mallet, prepared by the desire 
of the British Association for the Advancement of Science, and pub- 
lished in the volume of reports of that body. 



Note F, Page 62. — Heating and Ventilation. 

The student who desires to make himself well acquainted both with 
the theory and best piactice as respects the heating and ventilation of 
buildings, should study the recently published work by General Morin 
— " Etudes sur la Ventilation," 2 vols., bvo., Paris. In no single work 
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will be found so much and such sound and reliable 'information ; but 
the subject is a very wide one, and no architectural student can be 
deemed instructed thoroughly in this important branch of his profes- 
sion who has not consulted a very wide range of literature relating to 
ft. A few of these treatises we may especially refer him to : — ^Tredgold 
on Heating and Ventilation, now getting a little antiquated; the Eeports 
on the Heating and Ventilation of Pentonville and other Model Prisons ; 
those on the same in relation to the Houses of Parliament, and those 
of the commission appointed to inquire into the means of heating and 
ventilating barracks and other apartments of relatiyely small size. 



2^ote G, Page 68. — Preservation op Timber. 

In addition to the several processes described in the text, the student 
should also be referred to the method of M. Boucherie, of at once 
seasoning and securing ap^ainst decay timber in its green state, by 
causing the still living timber to take up by its capillary vessels a 
solution of sulphate of copper ; and a still more recent French inven- 
tion, consisting in preventing the external attack of those fungous 
sporules which initiate decay, by superficially charring to an extremely 
small depth the whole of the surfaces of finished timber, i.e. the wood 
cut to the size, &c. 

This is effected hy rapidly passing over it a powerful flame produced 
by a coal-gas and air blow-pipe, or by the flame driven forth by air- 
blast from a coke fire in a small hollow furnace. Accounts of both 
these processes may be found in the transactions and journals of a 
technical class during the last few years. 

Note H, Page 76. — Steel Manufacture. 

Since the date of the original edition of this volume, several new 
and important processes for the production of steel have been invented 
and brought into practical use. For a full account of these the student 
should refer to Percy's " Metallurgy of Iron," or other recent syste- 
matic works on metallurgy. 

The only two to which we need here briefly refer are the production 
of steel by a slight modification of the puddling process, by which 
ordinary wrought iron is produced. The steel thus obtained is called 
" puddled steel," and that procured by Mr. Bessemer's process, or by 
blowing common air through cast iron in a state of fusion. The cast 
iron must either contain some manganese, or iron containing that in 
alloy must be added in fusion during the process of blowing through 
to produce good steel. By either of the above processes excellent steel 
of various qualities, some equal to the best cast steel of cementation, 
m^ be produced. 

Both processes have already greatly reduced the price and increased 
the supply of steel, and the Bessemer process seems almost certain to 
revolutionise, before long, the whole iron trade, as well as all the 
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arts of construction, more or less, in proportion as they are dependent 
at present on wrought or cast iron. 

Note I, Page 77. — Cast, Iron, &g. 

Although what the author has stated on the subject of the classes, 
properties, and manipulation of cast irons is well founded, his treat- 
ment of the subject, which is a large and complex one, is necessarily 
very incomplete. No student of the arts of construction, whether in 
the direction of engineering or of architecture, should deem himself 
educated until he has learnt enough of chemical metallurgy to read 
and make his own what has been written upon the physico-chemical 
history and proportions of iron in its three distinct states of cast iron, 
steel, and wrought iron — all highly complex bodies, and endowed with 
properties as remarkable as any in the range of entire nature. No 
single work will be found to give a clearer view of these properties 
and relations than Karsten's ** Metallurgie di Fer," translated Irom 
the German, original by Kuhlmann (3 vols. 8vo). The student who 
once has mastered the scientific principles upon which the properties 
and changes in them of iron in its various states depend, will find him- 
self in possession of a treasure that in practice will be as " a lantern to 
his feet " during his whole career in life, and, wanting which, all the 
random facts he may pick up out of popular text-books, journals, &c., 
will prove to him but a deceptive and disconnected jumble. 



Note K, Page 80. — Tensilb Resistance. 

The table here given of the ultimate tensile resistances of these 
several materials must be accepted as only approximate and with 
caution. 

No cast iron, but white mottled cast iron of great rigidity, will 
stand a tensile strain of 7| tons per square inch ; nearly all the cast 
iron employed in architectural and engineering structures is torn 
asunder at a strain of four or five tons, and should never be trusted in 
tension at a strain of more than two tons per square inch for a dead 
pull, or one half of that for a sudden or impulsive strain. 

Cast iron in different sized specimens of various qualities differs in 
tensile strength enormously— as much as 7 to 1. 

It is not the popularly supposed brittleness of cast iron that makes it 
unsafe in tension, for within its range of resistance it is /ess brittle (i,e. 
more extensible or ductile) than wrought iron, but the small total 
range of its tensile resistance ; whereas in wrought iron, this range 
boing far larger, it constitutes for such moderate stress as that material 
snomd ever be exposed to in practice an actual margin of safety. 

What the author meant by stating thai wrought iron is torn asunder 
by ten tons and English bar iron by twenty-five tons, to the square inch 
of section, it is difficult to conjecture. I^me Briti^ bar or plate irons 
of extreme sofoess and ductihty, and therefore of extreme value foi 
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certain special purposes, are torn asunder by a strain of only abonl 
seven tons per square inch, while rigid and very little extensible bar 
iron occurs constantly which is not USm asunder under thirty tons per 
square inch. Steel, again, in bars, whether made by cementation, by 
puddling, or by the Bessemer process, can bo produced with a tensile 
resistance of eighty tons or upwards per square inch, and the same 
material drawn into wire assumes a resistance of 120 tons per square 
inch. 

The student must guardedly distinguish in every case, and above all 
in calculating dimensions to be given in practice to parts, whether to 
be exposed to tension, compression, or transverse strain, between ulti- 
mate resistance and safe resistance; what difference must be ^ven under 
given conditions to the dimensions of the parts, or, what is the same 
thing, what co-efficient, as that of assumed ultimate resistance, he must 
employ, so as to ensure a sufficient margin or factor of safety, should 
be sought for by a careful study of a few of the most important of the 
mass of works treating of such subjects. Of these we may notice for 
his information the parliamentary "Report of the Commission on 
Railway Structures in Iron," Hodgkinson's edition of " Tredgold on 
Iron," Fairbaim's "Reports of Experiments to British Association," 
Edwin Clarke's " Britannia and Conway Bridges," and the able digests 
of the whole subject in his " Mechanics applied to Civil Engineering." 

Mr. Kirkaldy's volume is valuable as an important contribution of 
facts, but the student should be warned to accept his generalisations 
with caution. Several of these are not in accordsmce with known 
facts of molecular physics, nor even with a correct interpretation of 
his own experiments, which are themselves creditable to his industry 
and zeal. 

For the metallurgic propyerties of iron and steel exposed to strains, 
and especially as respects impulsive strains, Mr. Mallet's work on the 
"Materials employed in the Construction of Artillery" may be 
consulted. 



Note L, Page 88. — Strains on Girders. 

The margin of safety given in the text of two-thirds is, by consent 
of a large number of well-informed engineers, deemed too small — 
three-quarters factor of safety tor statical loads, i.e. deadweight, is better 
and safer practice. Where the load is a roUing load, or variable, or 
liable by any chance to become a dynamic load, i.e. a suddenly applied or 
impulsive load, then double the above margin of safety should always 
be allowed, thou^^h it is not uncommon in English practice to allow 
for dynamic strain a section of resistance that shall reduce the strain 
upon the unit of section to only one-sixth that of the breaking strain. 
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Abatmeuts described, 81. 

Angle level described, V]. 

Arch defined, 22; centering of an, 
29 ; construction of centering, 29 ; 
curve of equilibriam, variation of 
the, 23 ; definition of the various 
parts of an, 22 ; principle of cal- 
culating the load on the haunches, 
24 : thickness necessary to contain 
the ?urve of equilibrium, 25 ; two 
methods of eqnilibriating an, 24. 

Arch, roofs on the principle of the, 
48. 

Arches, brick, method of building, 
27; construction of abutments, 
31 ; cxiustruction of wing wall, 
82 ; vaulting, 83 ; objections to 
the use of cement instead of mortar 
in the construction of, 27 ; pointed, 
weakness of, 25; semicircular, weak- 
ness of, 25 ; semicircular, spring- 
ing part of the abutments, 26 ; 
skew, 28; voussoirs, depth of, 
26. 

Architect, duties of an, 182. 

Architect, remuneration of an, 154. 

Artificial asphalte, 74. 

Artificial cement, manufacture of, 
72. 

Artificial foundations, 2. 

Ashlar work, 85 ; defect-s of, 35. 

Asphalte described, 74; artificial, 
74. 

Backsight defined, 139. 

Bar iron, conversion of pig into, 

77. 
Bark, 63. 



Beams, laminated arched, 28. 
Beams, strength of, 8J ; mschaQii^91 

efiect of a load under varying 

circumstances, 81 ; infiuence ot 

the form ou the strength, 85; 

resistance of the beam, 83. 
Beams, trussed timber, 88. 
Bell-hanger, work of the, 12't; 

charges of the, 124; wages of a, 

124. 
Bell-metal, composition of, 79. 
Bench marks defined, 139. 
Betheirs process for preventing the 

decay of timber, 68. 
B^ton, difference between concrete 

and, 73. 
B^tou foundations, 9. 
Bevel angle defined, 97. 
Bevel square, 97. 
Bills of quantities, 146 ; dimeutiou 

book, example of, 147. 
Binding joists, 40. 
Bits described, 109. 
Black cast iron, 76. 
Block plans described, 143. 
Blue lias lime described, 71. 
Blue shale as a foundation, 2. 
Bond masoniy, 85. 
Bond timbers, 87. 
Bow suspension truss, 48. 
Brass, composition of, 79. 
Breaking joint, 36. 
Breast wail defined, 12. 
Breast walls, 21 ; precaution! iu 

building, 21. 
Bressnmmers, 88. 
Brick arches, method of building, 

27 ; objections to the use of cement 
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instead of mortar in the construo- 
tion of, 27. 

Bricklayer, bnsiness of a, 91 ; hod, 
92 ; labourer, 92 ; scafifolds, 92 ; 
tools of a, 92 ; wages of a, 93. 

Brickwork, facing with stone ashlar, 
35 ; how measured and valued, 
93 ; rod of, defined, 94. 

Bridgeford church, example of the 
roof, 52. 

Bridging joists, 40. 

Bronze, composition of, 79. 

Building, general method of proceed- 
iug with large works, 134 ; iron- 
mongery used in, 114. 

Building materials, 63 ; action to 
which they are exposed, com- 
pression, tension, and cross-strain, 
79 ; resistance to compression, 
table showing the, of different 
materials, 80 ; resistance to com- 
pression of timber, 80 ; resistance 
to compression of iron, 80 ; resist- 
ance to tension, 80. 

Building, metals used in, 74. 

Building surveyor, duties of a, 184. 

Building, use of iron in, 76 ; use of 
lead in, 78. 

Caissons described, 9. 

Carcase saw, 108. 

Cargill's centering for arches, 80. 

Carpenter, business of a, 103 ; quali- 
fications of a, 106 ; tools of a, 
103 ; wages of a, 107. 

Carpenter's work, method of measur- 
ing, 106. 

Carver, business of a, 96. 

Cast iron, action of sea-water on, 6. 

Cast-iron pillars, strength of, 89. 

Cast-iron piling, Clark's system, 6 ; 
described, 6. 

Cast iron, production of, 75 ; qualities 
of, 76 ; resistance to compression, 
80 ; use of, for covering roofs, 69, 

Cast lead, 78. 

Oeiling joists, 40. 

Cement, first use of natural, 72; 
objections to the use of, instead 
of mortar, in brick arches, 27. 

Cements, artificial, manufacture of, 
72. 



Cements, water, 71. 

Centering of an arch, 29. 

Chaldon church, roof of, deseribed^ 

51. 
Chalk described, 70. 
China, method of forming founda- 
tions in, 7. 
Chisel draught defined, 100. 
C hiscJs described, 109. 
Circular saws, 115. 
Cisterns, arrangements of, 60. 
Civil engineer, practice of a, sketched, 

183. 
Clark's system of piling, 6. 
Clear voling described, 130. 
Cofferdams, solid fuuudation in, 10. 
Collar, trussed roof, 44. 
Compass saw, ] 08. 
Compression, table showing the 

resistance to, of different building 

materials, 80. 
Concrete, 2; contents of a cubic 

yard of, 95; difference between 

b^ton and, 73; manufacture of, 

73. 
Contract, conditions of, 145. 
Copper, cost of, how reckoned, 123. 
Copper-smith, work supplied by the, 

123. 
Copper, use of, for covering roofs, 

59. 
Coursed masonry foundations, 8. 
Coursed rubble, 85. 
Coursed work defined, 34. 
Coverings, roof, 5; table of the 

weight of various, 69. 
Cranes, derrick, 99 ; travelling, 98. 
Crown glass, 128; how sold, 128. 
Curve of equilibrium, 22. 
Cylinders, use of cast-iron, for 

foundations, 7. 
Cylindrical vaulting defined, 83. 

Decay of timber described, 66 ; pre- 
vention of, 67. 

Decorator's business, 181; mannfao. 
ture of scagliola, 131. 

Derrick cranes, 99. 

Detailed drawing described, 144. 

Dimension book, example of, l47. 

Distempering described, 181. 

Domes described, 34. 
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Dorkinjc lime, 70. 

Doable framed flooring, ad?aiitage 

of, 41. 
Double load defined, 93. 
Dovetail saw, 107. 
Dovetailing described, 110. 
Dowels, 101. 
Drainage, 63. 
Drawings, working, 141 ; block plans, 

143; detailed drawings, 144; 

general drawings, 148. 
Dry rot described, 67. 

Earth, weight of different kinds of, 

93. 
Eltham Palace, roof of the hall 

described, 56. 
Bmy's laminated arch rib, 49 ; first 

application of, 50. 
Engineer, practice of a civil, sketched, 

133. 
Engineering surveyor, bosiness of an, 

133. 
English bonding, 86. 
Equilibrium, curve of, 22. 
Estimate, skeleton, 148. 
Excavator, duties of an, 91. 
Extra works, 154. 
Extrados of an arch, 22. 

Pair tooled defined, 101. 

Fir, description and use, 68. 

Fire-proof floors, 42. 

Flemish bonding, 36. 

Flooring, contents of, 113. 

Flooring, naked, 40 ; donble framed, 
40 ; advantages of double framed, 
41 ; single framed, 40. 

Flooring tile, 43. 

Folding floors described, 112. 

Foresight defined, 139. 

Foundations, artificial, 1 ; diggiug, 
VI. 

Foundations, natural, 1. 

Foundations, use of piles in 
strengthening, 8; use of rubble 
for, 78 1 use of timber as, 8. 

Foundations in water, 4 ; b^ton, 8 ; 
caissons, 9; Clark's, 6; coursed 
masonry, 8; formed wholly of 
piles, 5 ; Indian and Chinese, 7 ; 
liitchell's screw piles, 6 ; pierre 



perdue, 8 ; solid, in cofferdams^ 
10 ; solid, on the surface of the 
ground, 8; use of cast-iron cylin- 
ders, 7. 

Framed work. 111. 

"Fretwork" described, 127. 

General drawings, 143. 

Gilding, 131. 

Girders, iron, manufacture of, 77. 

Girders, cast-iron, form of, 85 

Girders, Hodgkinson's experiments 
on, 86 ; ratio of load to strength 
of, 88. 

Glass, crown, 128; plate, 128. 

Glasier, business of a, 126; "fret- 
work ** described, 127 ; glazing in 
sashes, 127 ; glazing in lead work, 
127; tools of a, 127. 

Glazier's work, how valued, 1 28. 

Glue, 112. 

Gothic roofs, 50. 

Gothic vaulting defined, 33. 

Gothic vaults, method of constructing 
the ancient, 24. 

Graining described, 130. 

Grey cast iron, 76. 

Gypsum described, 70. 

Hailing lime, 70. 

Hampton Court, roof of the great 

hall described, 55. 
Headers described, 30. 
Hinges, 114. 
Hod, bricklayer's, 92. 
Honduras mahogany described, 4. 
Hot blast, advantage of the, in the 

manufacture of iron, 76. 
House of Lords, system of ventilating 

the, 62. 

India, method of forming foundations 

in, 7. 
Intrados of an arch, 22. 
Iron, admixture of, 77. 
Iron bonding, advantage of, 37. 
Iron bresaummers,. evils of, 88. 
Iron castings, 77* 
Iron,cast, cylinderSyOse of, for foa&da- 

tions, 7. 
Iron, cast, piling, 0. 
Iron, cast, use of, for piles, 6 ; action 
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of sea- water on, 6 ; prodactioD of, 

75 ; qualities of, 76. 
Iron, conversion of pig into bar, 

77. 
Iron cramps, use of, in stone work, 

102. 
Iron, early mannfactore of, 74. 
Iron girders, manufactore of, 77; 

moulds for. 77* 
Iron, advantages of the hot blast in 

the manufacture of, 76. 
Iron, its resistance to compression, 

80. 
Iron roofs, 46. 
Iron, salts of, effects of, on the 

growth of wood, 65 ; use of, in 

buildiug, 74 ; use of cast, for 

covering roofs, 59 } weight of, 

128. 
Iron work, method of reckoning the 

cost of, 123. 
Iron, wrought, production of, 75. 
Ironmongery used in building, 114; 

hinges, 114; latches, 114; locks, 

114; furnitnreof locks, 114. 

"Joggling" described, 101. 

Joiner's bench, 109. 

Joiner's tools, 107 ; boring tools, 
109^ chisels, 109; saws, 107; 
planes, 108 ; mitre box, 109. 

Joiner's work, 107; dovetailing, 
110; folding floors, 112; framed 
work. 111; ledged work, HI; 
method of measuring, 113; 
mortising, 110; scribing, 110; 
straight joint floor, 112; sweep- 
work, 111. 

Joiuer's wages, 113. 

Keyhole saw, 108. 
King's truss, 44. 
Knoto, killing, 129. 
Kyan's process for preventing the 
decay of timber, 67. 

Labourer, bricklayer's, 92. 
labourer, plumber's, wages of« 126. 
Laggings defined, 29. 
Laminated arched beams, 28. 
Latches describeo^ 114. 
Lathing, 119. 



LeaJ, cast, 78. 

Lead, laying sheet, 126. 

Lead pipes, charge of, 1 26 ; manu- 
facture of, 1 25 ; weight of, per 
yard, 126. 

Lead, use of, in building, 78. 

Ledged work. 111. 

Level book, example of, 140. 

Level, spirit, described, 138. 

Levelling for building purposes, 137. 

Levelling, operation of, 139 ; bench 
marks, 140; example of level 
book, 140. 

Levelling stoff, 139. 

Levelling, taking backsights, 139 ; 
taking foresights, 139. 

"Lewis," description and use of. 
99. 

Lias limes, blue, described, 71. 

Lime, loss of bulk in making mortar, 
95 ; measure of, 94. 

Limes, blue lias, 71 ; pnre, 70 ; 
water, composition of, 70. 

Limestone, classes of, 69. 

Line of rupture, 13. 

Lintels, use of, 88. 

Load defined, 93 ; doable, described, 
93. 

Locks described, 114 ; furniture of, 
114. 

Lords, House of, system of venti- 
lating the, 62. 

Lorme's (P. de) principle of roofing, 
48. 

Mahogany, 64, 68. 

Mason, business of a, 96. 

Mason's scaffold, 97. 

Mason's tools, 97. 

Mason's wages, 102. 

Mason's work, method of measuring, 
102. 

Masonry defined, 84; ashlar work, 
defects of, 85 ; bond defined, 85 ; 
bond timbers, evils of, 87 ; bond- 
ing, advantages of iron, 37 ; dis- 
tribution of the load, 87 ; doors, 
arrangements for, 87 ; English 
bond, 86; Flemish bond, 86; 
rubble used by the Romans, 72 ; 
uniformity of construction, neces- 
sity of, 3G, union of different 
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kinds of, 85 ; various kinds of, 
defined, 84; windows, arrange- 
ment of openings for, 87. 

Materials, bnilding, 63. 

Medullary rays, 64. 

Metallic roof coverings, 58. 

Metals ased in building, 74. 

"Miser** described, 7. 

MitcheH's screw piles, 6. 

Mitre box described, 109. 

Mortar, contents of a cubic yard of, 
95. 

Mortar, importance of good, 69; 
limes ased in making, 70. 

Mortar, process of making, 69 ; 
calcining the limestone, 69 ; 
slaking the quicklime, 70 ; forming 
the mortur, 70. 

Mortar, quality of the sand used in, 
72. 

Mortising described, 110. 

Moscow, roof of the Imperial Riding 
House at, 47. 

Moulding planes, 1 08. 

Moulds, construction of, for iron 
work, 77. 

Natural foundations, 1. 
Natural slope defined, 18. 
Nightsoil, removal of, 93. 

Oak, description and use of the, 
68. 

ObKqne arches, 29. 

Open timbered roofs, general princi- 
ples of, 55. 

Paint, its use in preventing the 

decay of timber, 67. 
Painter, business of a, 1 28 ; clear 

coling, 130; distempering, 181; 

graining, 130 ; materials used by 

a, 129 ; valuation of the work of 

8,131. 

Pantiles, 58. 

Paper, piece of, defined, 131. 
Paperhanger's business, 131. 
Paperhanger's work, valuation of, 

132. 
Parliament, roofs of the Houses of, 

described. 46. 
Partitions, construction of, 38. 



Paving work, method of measuring, 
95. 

Payne's process for preventing the 
decay of timber, 67. 

Pierre perdue foundations, 8. 

Pig iron, conversion of, into bar 
77. 

Pigs described, 75. 

Piles, foundations formed wholly of, 
6. 

Piles, screw, 6. 

Piles, use in strengthening a founda- 
tion, 3 ; use of cast iron for, 6. 

Pillars, strength of cast-iron, 89. 

Pine, description and use, 68. 

Pit, saw, described, 114. 

Plan of a site described, 137. 

Plans, block, 143. 

Planes described, 108. 

Plasterer, materials usrd by a, 1 1 8 ; 
tools of a, 118 ; wages of a, 122 ; 
work of a, described, 118. 

Plastering, operation of, 119; 
" pogging," 121 ; rough cast, 
121; setting, 121; stucco, 121; 
use of reeds instead of laths in, 
122 ; memoranda relating to, 122. 

Plate glass, 128. 

Plumber, work of the, 124 ; flash- 
ings, 125 ; flashings, how paid 
for, 126; laying sheet-lead, 125; 
tools of the, 124 ; wages of a, 126. 

Plumber's labourer, wages of a, 
126. 

Pointed arches, weakness of, 25. 

Post Office, method of ventilating, 
62. 

Posts, strength of story. 89. 

Pugging, 121. 

Pumps, charge for, 126 

Purlins, 43. 

Putty, composition of, 127. 

Quantities, bills of, 146 ; dimension 

book, 147. 
Quarry, pitched, 101. 
Qaeen's truss, 45. 

Railway bridges, use of laminated 
arched beams in the construction 
of, 28. 

Aandom tooled, 101 
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Ray's medullary. 64. 

Rebate planes, 108. 

Red pine, 68. 

Reeds, use of, instead of laths in 
plastering, 122. 

Reform Club, method of ventilating 
the, 62. 

Retiduing wall defined, 12 ; amount 
and direction of the thrust, 14 ; 
calculation of minimum thnist, 
1 5 ; calculation of maximum 
thrust, 15; calculation of the 
stability of, 13 ; centre of pressure, 
13; counterfort, 21; definitions, 
13; resistance of the wall, 18. 

Retaining walls, strength of different 
shaped, 20; strongest form of, 
18; triangular form, advantage 
of, 19; modification of triangular 
form in general use, 19. 

Rib and panel vaulting, 33. 

Roman cement, first use of, 72. 

Roman vaulting defined, 33. 

Romans, their use of ruble masonry, 
72. 

Roof of the Imperial Riding House 
at Moscow, 47, 

Roof coverings, 58. 

Kuofing, construction of, 43. 

Roofs, alteration of high pitched to 
flat, 51 ; collar truss, 43 ; gothic, 
50 ; iron, 46 ; king post, with tie 
beams and principals, 62; king's 
truss, 44 ; roetallid coverings for, 
58 ; of the Houses of Parliament, 
46 ; on the principle of the arch, 
48 ; open timber, general princi- 
ples of, 55 ; queen's tmss, 45 ; 
table of the weight of various 
roof coverings, 59 ; trussed, 43. 

Rot described, 67. 

Rubble masonry, use of, by the 
Romans, 72 ; use of, for founda- 
tions, 78. 

Rubble work defined, 34. 

Rubbing stone, use of, 92. 

Rupture, line of, 18. 

"Ra8ticated,"101. 

Sand, loss of bulk in making mortar, 
95 ; quality of, for making mortar, 

7. 



Sash saw, 107* 

Sawyer's work, 1 14. 

Saws described, 107. 

Saws, circular, 115. 

Scaffold, bricklayer's, 92. 

Scaffolds, construction of, 98 ; use 

of the travelling crane on, 98. 
ScagHola, manufacture of, 181. 
Scappling described, 97. 
" Scarfing " timbers, 104. 
Screw piles, Mitchell's, 6. 
Scribing, 110. 
Seasoning timber, 66. 
Sea-water, action of, on iron, 6; 

effect of, on timber, 67. 
Semicircular arches, weakness of, 

25 ; springing of part of the abut- 
ments, 26. 
Settlement,danger of irregular, 8,86. 
Shale, blue, as a foundation, 2. 
Sheet-lead, laying described, 125. 
Sheet piling, 3. 
Shingles, 58. 

Single framed flooring, 40. 
Site, plau of, described, 187. 
Skeleton estimate, 148. 
Skew arches, 28. 
Slater, business of a, 118; laying 

slates, 116 ; method of measuring 

the work of a, 117; tools ot a, 

115; wages of a, 117. 
Slates described, 116 ; table of the 

size of roofing slates, 1 17. 
Slope, natural, defined, 13. 
Smelting iron, early method of, 74 ; 

with pit-coal, 74. 
Smith, work of a, 1 22 ; wages of a, 

124. 
Soffit of an arch, 22. 
Solder, soft, described, 125. 
Solid foundations, 8. 
Spanish mahogany, 64. 
Specifications described, 145. 
Spirit-level, 138. 
Stone bonds, 36. 
Stone-cutter, business of a, 96. 
Stone cutting, 96, 100. 
Stone, weights of different kinds of, 

108. 
Stone work, method of measuring. 

108. 
Story potts, strength of, 89. 
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Stretchers, 36. 

fitacco described, 119; method of 
asing, 121; painting on, 180; 
roTigh, 121. 

Suppiy of water, B9 ; cisterns de- 
scribed, 60. 

Surveyor, business of a, 183. 

Surveyors, commission of, for taking 
obt qaantities, 154. 

Table of the resistance to compres- 
sion of various materials, 80; of 
the weight of different kinds of 
earth, 93; of the contents of 
flooring, 118; weight of lead 
pipes per yard, 126 ; of the sise 
of roofing slates, 117; of the 
various materials for covering 
roofs, 69 ; of the size and weight 
of different articles, 94 ; of the 
weight of various kinds of stone, 
103 ; showing the resistance to 
tension of different material, 80 ; 
of the weight of timber, 1 13. 

Tenon saw, 107. 

Tension, resistance to, of different 
materials, 80. 

Tile floors, 48. 

TUes described, 58. 

TUing, 95 ; tools for, 93. 

Timber, 63. 

Timber-beams, trnased, 88. 

Timber-bond defined, 87. 

Timber suitable for the builder, 68 : 
fir described, 68 ; mahogany, 68 ; 
oak, 68 ; pine, 68. 

Timber, decay of, 66 ; prevention of, 
67 ; Bethell's process, 68 ; Kyan's 
process, 67; ,Payne*s process, 
67. 

Timber seasoning, 66. 

Timber, use of, as a foundation, 8 ; 
weight of, 1 13. 

Tin saw, use of, 92. 

Toe of a wall, 20. 

Tools, bricklayer's, description and 
use, 92. 

Tools of a carpenter, 103; of a 
joiner, 107 ; of a mason, 97 ; of 
a plasterer, 118; of a plumber, 
124 ; of a slater, 115 ; of a stone- 
mason, 97 



Tools, tiling, 93. 

Torsion, resistance to, 90. . 

Travelling cranes, 98. 

Tree, formation of the wood, 64; 

influence of salts of iron on the 

wood of a, 65 ; structure of a, 

64. 
Trees, variation in the character 

of the annual rings of different, 

65. 
Trees suitable for the builder, 68. 
Trees, time of felling, 65. 
Trowel, use of, 92. 
Truss, bow suspension, 48. 
Trussed timber beams, 88. 
Trussed roofs, 48 ; collar truss, 44 ; 

iron truss, 46 ; king's truss, 44 ; 

queen's truss, 45. 

Vaulting defined, 83 ; cylindrical, 
83 ; Gothic ribbed, 83 ; Roman, 
33. 

Veneers described, 69. 

Ventilation, systems of, 62. 

Vonssoirs defined, 22. 

Walls, breast, 12, 21. 

Walls, precautions in building, 21. 

Walls, retaining, amount and direc- 
tion of the thrust, 14; stability 
of, 13; centre of pressure, 13; 
counterforts, 21 ; resistance of the 
wall, 18; strength of different 
shaped, 20; strongest form of 
the, 19; triangular form, ad- 
vantage of, 19; triangular form, 
modification generally used, 19. 

Warming, methods of, described, 61. 

Warmiug combined with ventilation, 
advantage, 61. 

Water cements described, 71* 

Water cisterns, 60. 

Water-closet apparatus, 126. 

Water, foundations in, 4 ; b6ton, 8 ; 
caissons, 9; Clark's system, 6; 
cofferdams, 10 ; coursed masonry, 
8 ; formed wholly of piles, 5 ; 
Indian and Chinese, 7 ; Mitchell'i 
screw piles, 6 ; pierre perdue, 8 ; 
solid on the surface of the ground, 
8 ; use of east-iron cylinders, 7- 

Water limes, composition of, 70 
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Water, snpplj of, B9. 

Welsh iron, 77. 

Westminster Hall, roof of, described, 

57. 
Wet rot, 67. 
White cast iron, 76. 
Wing waUs, construction of, 32. 
Wood, formation of, 64 ; ?ariatioQ 

in the texture of, 65. 
Woods suitable for the builder, 68 ; 

fir described, 68 ; mahogany, 68 ; 

oak, 68 ; pine, 68. 



Work, setting out, 186 «. 

Working drawings described, 141 ; 
block plans, 148 ; detailed draw- 
ing, 144; general drawings, 148. 

Wronght iron, its resistance to com- 
pression, 80; manufacture o^ 
75. 

Yellow pines, 68. 

Zinc, lajbg sheet, 126 ; oBe oi^ f or 
coYcring rooffi, 59. 




THE END 
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217. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, Sec. By J. W. Urquhart, C.E. as.t 

223. MECHANICAL ENGINEERING. Comprising Metellurgy, 

Moulding, Casting, For^nng, Tools, Workshop Machinery, Manu^sicture of 

the Steam Engine, Sec. By Francis Campin, C.E. Second Edition, as. 6d.t 

236. DETAILS OF MACHINERY, Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin, C.E. xt.% 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. £. Crane. Illustrated, as. 6d.t 

238. THE SHEET-METAL WORKER* S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, Sec. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 
251. STEAM AND MACHINERY MANAGEMENT : with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. as. 6d.^ 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.E. 4s., limp ; 5s., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.E. 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

256. STATIONARY ENGINE-DRIVING. A Practical Manual for 

En^neers in charge of Stationary Engines. By Michael Reynolds, M.S.E. 
Third Edition. 3s. 6d. limp : 4s. 6d. cloth boards. 
260. IRON BRIDGES OF MODERATE SPAN: their Construe- 
tion and Erection. By Hamilton W. Pbndred, C.E. as. 

i9* The X indicates thai these vols, may be had strongly bound at 6d. extrli* 
7, stationers' hall COURT, LUDGATE HILL, E.C. 
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MINING, METALLURGY, ETC. 

4. MINERALOGY^ Rudiments of; a concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., &c. Third 

Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baker, C.E. Illustrated, as. 6d. % 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ander Watt. Ninth Edition, enlarged and revised, with additional Illus- 
trations, and including the most recent Processes. 38. 6d.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, 8ec. By William Morgans, ss. 6d. 
I72» MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d, 

176. METALLURGY OF IRON. Containmg History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. Sixth Edition, 
revised and enlarged. 58.^ [Just published, 

180. COAL AND COAL MINING. By the late Sir Warington W. 
Smyth, MA., F.R.S. Seventh Edition, revised. 38. 6d.| [Just published, 

195. 7 HE MINERAL SURVEYOR AND VALUER* S COM^ 
PLETE GUIDE. By W. Lintbrn, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.t 

214. SLATE AND SLATE e£/:4i?^F/i\r6r, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, 8cc. 3s4 

264. A FIRST BOOK OF MINING AND QUARRYING, with the 
Sciences connected therewith, for Primary Schools and Self-Instruction. By 
J. H. Collins, F.G.S. Second Edition, with additions, xs. 6d. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE-BORDERS— The Orders and their ^Esthetic 

Principles. By W. H. Leeds. Illustrated, zs. 6d. 

17. ARCHITECTURE—STYLES— Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to th« 
Present Period. By T. Talbot Bury, F.R.I. B.A^ &c. Illustrated* st. 
*«* Orders and Styles of Architecture, m One Vol,, 3^. 6d, 

18. ARCHITECTURE— DESIGN— Tht Principles of Design in 

Architecture, as deducible from Nature and ezemplincd in the Works of th« 
Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. ss.6d. 
\* The three preceding Works, in One handsome Vol,, ha^'- bound, entitled 
** Modern Architecture," price 6u 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.^ 

25. MASONRY AND STO NE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B J^., 8cc. as. 6d.t 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 
Tenth Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. 2s. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, 8cc. By G. R. Burnell, C.E. Thirteenth Edition, is. 6d. 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings. Mine^ 
Lighthouses, Ships, Sec. By C. Tomlinson, F.R.S., &c. Illustratea. 3s. 

III. ARCHES, PIERS, BUTTRESSES, &*c.: Experimental Essayi 

on the Principles of Construction. By W. Bland. Illustrated, zs. 6d. 
I^r" The t indicates that these vols, may be had strongly bound at 6d. extra, 

LONDON: CROSBY LOCKWOOD AND SON, 
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Architecture, Building, etc., continued. 

ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 

Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Roger Smith, M.K.I.B A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 
By T. A. Richardson, Architect. Illustrated, xs. 6d. 

ilZ. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
JosBPH GwiLT, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Abhrdbbn. xs. 
*•* The two preceding Works in One handsome VoL^ half hound, entitled "Amcibnt 
Architbcture," price 6*. 

132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES 6* MEASUREMENTS m Bricklayers', Masons', 
Plasterers*, Plnmbers'^ainters'.Paporhangers*, Gilders', Smiths*, Carpenters' 
and Joinen* Work. By A. C. Beaton, Surveyor. New Edition, xs. 6d. 

175. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana 
greatly Enlarged. By Francis T. W. Miller, A.R.I.B.A. 650 pages. 
3s. 6d. ; cloth boards, 4s. \J^*^t Published, 

i8s. CARPENTRY AND yoiNERY-TBJL Elementary Prin- 
ciples OF Carpbntry. chiefly composed from the Standard Work of 
Thomas Trbdgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn. M.A. Fifth Edition, Revised. 3s. 6d.I 
i82». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 

185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c ; Unequal-sided, S<}uare-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 

New Edition. By G. H. Guillaumb. Illustrated. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers. 8cc., and a Collection of Useful Receipts. By Elus A. Davidson. 
Sixth Edition. With Coloured Plates. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections: General Principles; Arch Drawing, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastering | Practical 
Geometry, Mensuration, &c. By Adam Hamiiond. Seventh Edition. is.6d. 

191. PL UMBING. A Text-Book to the Practice of the Art or Craft ot 

the Plumber. With Chapters upon House Drainage and Ventilation. Fifth 
Edition. With 380 Illustrations. By W. P. Buchan. 38. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandv. n. 

206. A BOOK ON BUILDING, Civil and Ecclestastical, including 
Church Restoration. With the Theoiy of Domes and the Great Pyramid 
«tc. By Sir Edmund Beckbtt, Bart., LL.D.,Q.C.,F.R.A.S. 4s. 6d.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wwill J. Christy, Architect. With upwards of 160 Engravings on Wood. 3s.* 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By E. Wtndham Tarn, M.A., Architect. Second Edition, revised, xs. 6d. 

ig* The % indicates that these vols, may be had strongly bound at 6d. extra. 
7y STATIONERS' HALL COURT, LUDGATE HILL, E.a 
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A.rchitecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling-Hooses, 8ec. By J. W. Facby. 2s. 

257. PRACTICAL HOUSE DECORATION A Guide to the Art 

of Ornamental Painttn^r* By Tames W. Facby. as, 6d. 
•«• The tvto preceding Works, t'n One handsome Vol., half-bound, entitled " Housb 
Decoration, Elembntary and Practical," price $s, 

230. HANDRAILING. Showing New and Simple Methods for finding 

the Pitch of the Plank, Drawing the Moulds, Bevelling, Tointing-up, and 
Squaring the Wreath. By Gborgb Colunos. Second Edition, Revised 
including A Trbatisb on Stairbuilding. Plates and Diagrams. 2s. 6A^ 

247, BUIL DING ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and Greneral Management of. Building Land, By 
Fowler Maitland, Surveyor. Second Edition, revised, 2S. 

248, PORTLAND CEMENT FOR USERS. By Henry FAtjA, 

Assoc. M. Inst. C.E* Third Edition, corrected. Illustrated, as. 

252. BRICKWORK: a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &c By F. 

Walker. Second Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising : 

1S9. Brick and Tile Making, by E. Dobson, A.I.C.E.; Practical Bricklay- 

165. mo, by A. Hammond ; Brickcutting and Setting, by A. Hammond. 534 

pp. with 270 Illustrations. 6s, Strongly half-bound. 
ISZ'THE TIMBER MERCHANT* S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c. By 
M. Powis 3ale, A,M.Inst.C.E. 3s.t 

258. CIRCULAR WORK IN CARPENTRY AND WINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Second Edition, as. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. With xaa Illns-. 
trations. as. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By George H. Bijigrovb. is. 6d. [Just published. 

265, THE ART OF PRACTICAL BRICK CUTTING &» SETTING. 
By Adam Hammond. With qo Engravings, xs,6d. [Just published. 

267. THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. By E. Wyndham Tarn, M.A. Lond. Third Edition, Revised 
and Enlarged. With 59 Wood Engravings. 3s. 6d.t [Just published. 

271. VENTILATION : a Text-book to the Practice of the Art of 
Ventilating Buildings, with a Supplementary Chapter upon Air Testing. By 
William Paton Buchan, R.P., Sanitary and Ventilating Engineer, Author 
of " Plumbing,*' &c. 3s. 6d.t [^ust published. 

SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 

Principles of the Science, and their Practical Application to Naval Construe* 

tion. By J. Pbakb. Fifth Edition, with Plates and Diagrams, jt, 6d4 

53». SHIPS FOR OCEAN &* RIVER SERVICE, Elementary and 

Practical Principles of the Construction of. By H. A. Sommbrfbldt. is, 6d, 

53*». AN ATLAS OF ENGRAVINGS to Illustrate the above. Twelve 

large folding plates. Royal 4tO| cloth. 7s. 6d. 
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Roi>e8> 
&c., relative to every class of vessels. By Robert Kipping, N JV., as, 

89* The t indicates that these vols, may be had strongly bound at 6d extra. 
LONDON: CROSBY LOCKWOOD AND SON, 
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Slilpbuilding, Navigation, Marine Engineering, etc., cont, 

54*. IRON SHIP-BUILDING. With Practical Examples and Details. 

By JOHH Grantham, C.E. Fifth Edition. 4s. 

55. THE SAILOR* S SEA BOOK: a Rudimentaiy Treatise on 

Navigation. By Jambs GaSBinvooD, B.A. With numerotts Woodcuts and 

Coloured Plates. New and enlarged edition. By W. H. Kossbr. 2S. 6d4 

80. MARINE ENGINES AND STEAM VESSELS, By Robert 
Murray, C.£. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborob Carlisle, C.E. 4s. 6d. limp ; 5s. cloth boards. 
Zlbis. THE FORMS OF SHIPS AND BOATS. Bv W. Bland. 

Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 
106. SHIPS* ANCHORS, 2iTrQ3X\se on. By G. Cotsell, N. A. is.6d, 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, 8ec. xath Edition. By R. Kipping, N A., 2s. 6d.i 
155. ENGINEER'S GUIDE TO THE ROYAL & MERCANTILE 
NAVIES. By a Practical Enginbbr. Revised by D. F. M'Carthy. 38. 
5c PRACTICAL NAVIGATION. Consistmg of The Sailor's 
£ Sea-Book. By Jambs Grbbnwood and W. H. Rossbr. Together with 
«rM ^® requisite Mathematical and Nautical Tables for the Workmg of the 
*"*• Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 
6i». A COMPLETE READY RECKONER FOR THE ADMEA^ 

SUREMENT OF LAND, 8ec. By A. Arman. Third Edition, revised 

and extended by C. Norris, Surveyor, Valuer, &c. 2S. 
131. MILLER*S, CORN MERCHANTS, AND FARMER'S 

READY RECKONER. Second Edition, with a Price List of Modern 

Flour-Mill Machinery, by W. S. Hutton, C.E. 2s. 

140. SOILS, MANURES, AND CROPS. (Vol. I. Outlines of 

Modbrn Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING es' FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.0utunbs of Modbrn Farming.) By R. Scott Burn. 31. 

14a. STOCK: CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTUNBS OP Modbrn Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outunbs of Modbrn Farming.) 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outunbs of Modbrn 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Not. Z40-X-2-5-6, tn One Vol.yhandsonuly half-houndy entitled ** Outunbs of 
Modbrn Farming." By Robert Scott Burn. Price izs. 
177, FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts. 39. 6d.t 
198. SHEEP; THE HISTOR Y, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C^ &c. Fifth Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d.t 

«oi. KITCHEN GARDENING MADE EASY. By George M. F. 
Glbnny. Illustrated, is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organi. 

zation of Farm Labour. By R* Scott Burn. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. 2s. 6d. 

%* Not. 207 ^ 208 liw One Vol.^ handsomely half- bounds entitled " Outlinbs of 
Landbd Estatbs and Farm Managbmbnt." By R. Scorr Burn. Pi^'ce 6s. 

19* The t indicates that these vols, may be had strongly bound at td. extra. 
7, stationers' hall COURT, LUDGATE HILL, E.a 
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Agriculture, Gardening, etc., continued. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fnut Treei^ 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. n. 

210. THE TREE PRUNER. A Practical Manual on the Pmning of 

Fruit Trees, including also their Training and Renovation ; alio the Pruainff 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. zs. 6d. 

•• Not. 209 ^ 210 in One VoL^ handsomely half -hound, tniiiUd **Tbm Trkb 
Planter, Propagator, and Prunbr." By Samuel Wood. Pric§ 3s. 6d, 

218. THE HAY AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
By John Steele. Fourth Edition. 2s. 

222. SUBURBAN FARMING, The Laying-out and CulUvation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultry, 
and Pigs. By Pro£ John Donaldson and R. Scott Burn. js. 6a,t 

231. THE ART OF GRAFTING AND BUDDING. By Cham.es 

Baltbt. With Illustrations, as. 6d.t 

232. COTTAGE GARDENING; or, Flowers, Fruits, and VcgeUbles 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

234. MARKET AND KITCHEN GARDENING, Bv C.W.Shaw, 
\ late Editor of " Gardening Illustrated." as.t \J*^i ^blisked, 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

240. IRRIGA TION AND WA TER SUPPL Y. A Treatise on Water 

Meadows, Sewage Irrigation, and Warping; the Construction* of Wells, 
Ponds, and Reservoirs, &c. By Prof. John Scott. With 34 lllus. is. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the diiFerent kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, xs. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and ConstnictioD« 
with Plans and Estimates. By Prof. John Scott. With 105 lllus. ss. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in tiie Threshing-bam, in the Stock-yard, and m the 
Dairy, 8tc. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott, with 138 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out : and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, he. 
By Prof. John Scott. Witn 62 Illustrations, xs. 6d. 
\* Not. 239 to 245 in One Vol., handsomely half abound, entitled " Thv Compliti 
Text- Book of Farm Enginkbring." By Professor John Scott. Price izt. 

250. MEAT PRODUCTION. A Manual for Producers, Distributors, 

&c. By John Ewart. 2s. 6d.t 
266. BOOKKEEPING FOR FARMERS d;' ESTATE OWNERS. 

By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 3s. 6d. 

cloth boards. ijmt publisMsd. 

f§^ The t indicates that these vols, may be had strongly bound at 6d. extra. 
|X>ND0N; CROSBY I/XKWOOP AND SON, 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testing^ and Use concisely Explained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, witn additions^ by A. T. 
Walmislky, M.I.C.E., Fellow of the Surveyors* Institution. Original Edi- 
tion, in X vol., Illustrated. 2%.% [Just published. 
*J* In ordering ihe above, becarefuUo say, " Original Edition "(No. 32), to disttn- 
guish it from the Enlarged Edition in 3 vols, {Nos, 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elemcntaiy Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French oi 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hbathbr, M JL With 14 Plates, as. 
178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. "With 215 Woodcuts. 2S. 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Eleventh Edition, is. 6d. 
84** A Key to the above, containing Solutions in full to the Exercises, t^ether 
with Comments, Explanations, and Inaproved Processes, for the tJse of 
Teachers and Unassisted Learners. By J. K. Youno. is. 6d. 

85. EQUATIONAL ARITHMETIC, appUedto Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hifslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2S. 
86*. A Kby and Companion to the above Book, forming an extensive rraository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
Zq, and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnry Law, C.E. 2s. 6d.* 

•♦» Sold also sepatrately, viz. .*— 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann. A New Edition, by Professor J. R. Young. 2s.* 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry,*^ in One Volume, ^s. 6d. 

93. MENSURATION AND MEASURING, With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakbr, C.E. New Edition by E. Nugent, C.E. Illustrated, is. 6d. 

loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

Woolhousb, F.R.A.S., 8cc. is. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBRSHAM Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudimentary, fcr the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by A. Arman. is. TmI. 

137. A Key to Haddon's Rudimbntary Arithmetic. By A. Ar man. is. 6d. 

01^ The X indicates that the se vols, may be had strongly bound at 6d. extra. 
7, STATJONKJIS' HAtL COURT, LUPGATE HIl-L, E.G. 



lO W£ALS'S RUDIMENTARY SERIBS. 

Mathematics, Arithmetic, etc., continued, 

i(^. DRAWING AND MEASURING INSTRUMENTS. Indud- 
ing— 1. Instruments employed in Geometrical and Mechanical Drawing", 
and in the Construction, Copying, and Measurement of Maps and Hans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A. Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes. Microscopes, and Apparatus for producing^ copies of Maps and Plans 
by Photography. By T. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employ^ in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 
%• The above three volumes form an enlargement of the Author's original work 
" Mathematical Instruments:* {See No. 32 in the Series.) 

jGi.^MATHEMATICAL INSTRUMENTS. By J. F. Heatheb, 
169. > M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
lyo.y above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, CE. Fifth 
Edition. With a Slide Rule in tuck of cover. 2s. 6d.* 
196. THEORY OF COMPOUND INTEREST AND ANNUI- 
■ TIES ; with Tables of Logarithms for the more Difficult Computations <A 
Interest, Discount. Annuities, &c. By FtfDOR Thoman. 4s. t 
199. THE COMPENDIOUS CALCULATOR; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Useful Tables. By 
D. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. Norris. 
2s. 6d., cloth limp; 3s. 6d., strongly half-bound in leather. 
204. MATHEMATICAL Z4^Z^6', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s. 
104*. LOGARITHMS, With Mathematical Tables for Trigonometrical, 
Astronomical, andNautical Calculations. By Henry Law, M.Inst.CE. New 
and Revised Edition. (Formineoartofthe above Work), .^s. 
221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. WooLHOUSE, F.R.A.S., F.S.S. Seventh Edition, 2s.6d.t 
227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. By Francis Campin. C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC- 

1. CHEMISTRY. By Professor George Fownks, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMUNSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LiNSON. Illustrated, is. 6d. > 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been appliea. By Sir W. Snow 
Harris, F.R.S., 8cc. With Additions by R. Sabine, C.E., F.S A. is. 6d. 
7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
ROBBRT Sabinb, C.E.,'F.S.A. is. 6d. 

8. MAGNETISM; bemg a concise Exposition of the General Prin- 

ciples of Maenetical Science. Bv Sir W. Snow Harris. New Edition, 

^revised by H. M. Noap, Ph.D. With 165 Woodcuts. 3s. 6d4 

Bg* The X indicates that these vols, may he had strongly bound at 6d. extra. 

LONDON: CROSBY LOCKWOOD AND SON, 



WKALK'S RUDIMENTARY SERIES. II 

I*hysical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.B., F.S.A. js. 

12. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of l^ginners. By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. [Just publtsked, 

yz. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
FossU Shells. By Dr. 8. P. Woodward, A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, HydrodjmamicSf and 
Central Forces. By T. Bakbr, C.£. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph TATB,A.L.S.,8tc. Woodcuts, ss. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments." By Ralph Tatb, A.L.S., 8tc. Woodcuts. 2s.6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& Historical. Partly based on Major-General Portlock's "Rudiment of 
174. Geology." By Ralph Tatb, A.L.S., F.G.S., 8cc. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardnkr, D.C.L., 
$1 formerly Professor of Natural Philosophy and Astronomy in University 

.0^ College, Lond. With 520 Illustrations. In One Vol. 7s. 6ci., cloth boards. 

■ ^ %* Sold also in Two Paris, as follows .•— 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part 11., Chapters VIII.— XVIII. jt. 
269. LIGHT: an Introduction to the Science of Optics, for the Use of 

Students of Architecture, Eneineering, and other Applied Sciences. By E. 
Wyndham Tarn, M.A. zs. od. ^ [Just published. 



PINE ARTS. 

ao. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting:, &c. By Gborgb Pynb. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gbssert and Emanubl Otto From- 
bbro. With an Appendix on Thb Art op Enahblung. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spbncbr. as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises 8c Lessons from the Best Masters. By Charlbs Child Spbncbr. is.6d. 
69.71. MUSIC is* THE PIANOFORTE. In one vol. Half bound, 55. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil^ Mos^c, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Pamtingr on Ivory, Vellum. Pottery, Enamel, Glass. 8cc. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S A. Fifth Edition, revised and enlarged. 5s.t 

i«6. A GRAMMAR OF COLOURING, applied tc Decorative 
Paintine and the Arts. By Gborgb Fibld. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, flee. %%.% 

446. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lininr and Restoring, Schools of Painting, 8cc. With Notes on the Copyists 
and Imitators of each Master. By Philippb Daryl. as. 6d.t 

M^ TJu X indtcaies thai those vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATB HILL, E.C 



13 WKALS'S RUDIMENTARY SERIES. 

INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Rudimentaty Treatise on the Mannfiic* 
ture of. By £. Dobson, M.R.I.B.A. Illustrated, 334 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 48. 6d. limp : ss. 6d. cloth boards. 

83*». CONSTRUCTION OF DOOR LOCKS. Compiled fiom the 

Papers of A. C. Hobbs, and Edited by Charles Tomunson. F.R.S. ss. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattem-Making, Moulding, Turning, Filing, Bttcnishiogy 

Bronzing, 8cc. With copious Receipts. &c. By Walter Graham, ts.t 
205. THE ART OF LETTER PAINTING MADE ^ASY. Bj 

T. G. Badbnoch. Illustrated with is full-i>age Engravings of Examples, is. 6d^ 
215. THE GOLDSMITHS HANDBOOK, cont^ing JfiiU Instruc 

tions for the Alloying and Working of Gold. By Georgb £. Gee, ts.^ 
225. THE SILVERSMITIPS HANDBOOK, containing fiiU ^- 

structions for the Alloying and Working of Silver. By George E. Gee. ts4 
%• The huo preceding Works, in One handsome Vol., half -hound, entitled "TBE 

Goldsmith's 8c Silversmith's Complbtb Handbook,*' 7s. 
249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 

CONSIDERED. By George E. Gee. »s.t 
224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Burobss. 2s. 6d.* 

235. PRACTICAL ORGAN BUILDING. By W. E. DiCKSOK, 

M.A., Precentor of Ely Cathedral. Illustrated, as. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bedford Lbno. Numerous Illustrations. Third Edition, ss. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formulas, 
Tables, Receipts, &c. By Charles Hunter. Third Edition, as.i 
270. WOOD ENGRA VING : A Practical and Easy Introduction to 
the Study of the Art. ByW.N.BROWK. is.6d. 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, BNGINEERING, MINING, METALLURGY, ARCHJB- 

OLOGY, the FINE ARTS, 6tH:. ByToBNWEALE. Fifth Edition. ReviMd 

by Robbrt Hunt. F.R.S. Illustrated. _5s. limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SBR. 

VICES. By David Gibbons. Third Edition, enluied. «s.t 
112. MANUAL OF DOMESTIC MEDICINE. By R. GooDmo, 
B.A., M.D. A Family Guide in all Cases of Acddent and Emo-gency. es. 
I12*. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmmis. as. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By ROBKXZ 
Jambs Mann, F.RA.S., F.M.S. Second Edition. Map. ts. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys, F.R.G.S. With 163 Woodcuts. %%.% 

194. THE HOUSE MANAGER: Being a Gmde to Housekeeping. 

Practical Cookery, Pickling and Presernng, Household Work, Dairy 
Managoment, 8cc. By An Old Housbkbbper. 3s. 6d.t 

i94» HOUSE BOOK {.The). Comprising :— I. The House Manager. 

112 & By an Old Housbkbbper. II. Domestic Mbdicinb. By R. Gtoodxno, MJ>. 

112*. ^1* Management of Health. By J. Baird. In One Vol., half-bonnd, 68. 

fitr The X indicates that these vols, may be had strongly hound at 6d. sxira. 

LONDON: CROSBY LOCKWOOP AND SON, 



WEALS'S EDUCATIONAL Attt) CLASStCAL SKRIES. I3 

EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the Enelish Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloui boards, 68. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of BalUol 
College, Oziord. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of; from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, ss. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 
II* Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with tiie Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
i8th Edition, zs. 6d. 

49. Derivative Spelling-Book s Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is, 6d. 

51. The Art of Extempore Speaking s Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s. 6d. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To vehich is prefixed, a Brie/Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georob E. Wbbstbr. as. 

THE SGHOOX4 MANAGERS* SERIES OF READING 
BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools.. 

Introductory Prihbr, ^d. 



r, d. 

First Standard . .06 
Sbcond „ • • ' o zo 

Third . . z o 



«. d. 

Fourth Standard • • • z s 

Fifth "^ „ . . . . z 6 

Sixth' „ . • • .16 

Lbssons from thb Biblb. Part I. Old Testament, is. 

Lbssons from thb Biblb. Part II. New Testament^ to which is added 

Thb Gbooraphy of thb Biblb, for very young Children. By Rev. C. 

Thornton Forstbr. is. 2d. %• Or the Two Parts in One Volume, n. 
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14 wkale's educational and classical series. 

French] ' 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alfred Elwbs. is. 6d. 

26. English-French Dictionary. Bv Alfred Elwbs. 2s. 
15,26. French Dictionary (as above). (Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. %** Or with the Grammar, cloth boards, 4s. 6d. 
47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Woru, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d. 

GERMAN. 

39. Grerman Grammar. Adapted for English Students, fix>m 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 
41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. English-Ger- 
man-French. Part III. French-German-English. 3s., or cloth boards, 4s. 

1-43 German Triglot Dictionary (as above), together with German 

39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfrbd Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted dewn. By Alfrbd Elwbs. 
Vol.1. Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary, By A. Elwes. Vol 2. 

English-French-Italian. as. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number cfTechnical Terms used in Mining, Engineeimg, ftc. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4s. ; cloth boards, 5s. %* Or with the Grammar, cloth boards, 6s. 
$5. Portuguese Grammar, in a Simple and Practical Form. 
With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 
tionary. Including a large number of Technical Terms used in Mining, 
Engineering, &c., with the proper Accents and the Gender of every Noun. 
By Alfred Elwbs. Second Edition, Revised, 5s. ; cloth boards, 68. %• Or 
with the Gramma r, cloth boards, 7s. 

HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Beesslau. 38. 
f4i46. Hebrew Dictionary (as above), in Two Vols., complete, with 
46*. the Grammar, cloth boards, 12s. 

LONDON: CROSBY LOCKWGQD AND SON, 
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WEALE'S EDUCATIONAL AND CLASSICAL SERIES. 1$ 

LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rer. Thomas Gooowur, 
M.A., Head Master of the Greenwich Proprietary School, xs. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

MJV.. 2s. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. Bv the 
Rev. Thomas Goodwin, M.A. is. 6d. ' 

20,22. Latin Dictionary (as above). Complete in One Vol., 38. 6d. 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Youno. zt. 6d.- 

2. Csesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Toung. ss. 

3. Cornelius Nepos. With Notes. By H. Young, is, 

4. Virgilil Maronis Bucolica et Georgica. With Notes on the Buco- 

lics oy W. RusHTON, M.A., and on the Georgics by H. Youno. is. 6d. 

5. Virgllii Maronis Maeia, With Notes, Critical and Explanatory, 

hy H. Youno. New Edition, revised and improved With copious Ad^- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., iormerly Scholar of Brasenos« 
~ College, Oxford. 3s. 

Part 1. Books i.-^., if. 6d. 

Part 2. Books vii.— xii., as. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 
Youno. is. 6d. 

7. Horace 5 Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

Rioo Smith, MJV.., F.K.G.S. is. 6d. 

8. Sallustii Crisp! Catalina et Bellmn Jugurthmum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. ad. 

9. Terentil Andria et Heautontimommenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentil Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M Jl. as. 

11. Terentil Emiuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, bv Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrioo Smith, 

M.A., F.R.G.S. as. 
16. Livy s History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
16*. — ^— Part s. Books iii., iv.| v., is. 6d, 
17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullos, Propertins, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge, as. 

20. Latixr Prose Selections, from Yarro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sneto* 
nius, Apuleius, 8cc. Notes by W. B. Donnb, MA. as. 

21. Juvenalis Satirse. With Prolegomena and Notes by T. H. S. 

EscoTT, B A., Lecturer on Logic at Sling's College, London, as. 

7, STATKmiRS' BALL COURT, LUDGATB HILL, E.C 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hams 
Claudb Hamilton, xs. 6d. 
15,17. Greek X4exlcon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. 1. Greek-English, as. 6d. ; Vol. 2. English-Greek, «s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, $8, 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 
GREEK CLASSICS. With Explanatory Notes m English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by JOHW 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part 1. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. _ „ ,, 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 
5-12. Homer, The Works of. According to the Text of Baeumlkin. 
With Notes, Critical and Explanatory^ drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. . ^^ « _. « . ... . .• ^ 

The Iuad . Part 1. Books i. to vi., is.6d. Part 3. Books xni. to xviu., is. 6d. 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to ^iv., is. 6d. 

The Odyssey: Part i. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Booksvii.toxii., is.6d. Part 4. Books aux. to xxiv., and 

Hymns, 2s. 

13. Plato's Dialogues ; The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davies, M.A. 2s. 
14.17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary,M.A., D.C.L. 



_. . !«.», ii 

PartiV Books i., ii. (The Clio and Euterpe), 2S. 

Books iii., iv. (The Thalia and Melpomene)^. 



Part 2. Books 



I'art 2. 1500ICS ni., IV. \ ine xnaua anu xixcipwiiiciic/^a. ^ 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), tM, 
Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles ; (Edipus Tyrannus. Notes by H. Young, is. 

20 Sophocles : Antigone. From the Text of Dindorf. Notes, 

CriticalandExplanatory,bytheRev.JoHNMiLNBR, B.A. «. 
2X. Euripides : Hecuba and Medea. Chiefly from the Text of DiN- 
DORF. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 

26. K^iripTdesf Alc^tik. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milnbr, B.A. "• 6d. 

30. .^Ischylus ! Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, vrith English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, MA. is. . rm. v 

X2. .^Ischvlus: Septem Contra Thebes : The Seven against Thebes. 

^ From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Dayibs, M.A. 1$. ^ ^ , ,^ „ 

40. Aristophanes s Achamians. Chiefly from the Text of C H. 
^ Wbisb. With Notes, by C. S. T. Townshbnd, MA. is. 6d, 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 6d. ■ ,, -kt *.«- ««^ T«fwx 

42. Xenophon's Panegyric on Agesllaus. Notes and Intro- 

duction by Ll. F. W. Jkwitt. is. 6d. j *v^ -Di^ni^^So. 

43. Demosthenes. The Oration on the Crown and the Philippics. 
^^ WiSEnglish Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar of 

Brasenose College, Oxford, is. 6d. ^__^____«_— ^— — — 
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New Manual for Practical Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprismg 
a Treatise on Modern Engines and Boilers: Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi- 
ficates of Competency in Modem Mechanical Engineering. By Walter S. 
HuTTON, Civil and Mechanical Engineer, Author of "The works* Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Third 
Edition, Revised, with Additions. Medium 8vo, nearly $00 pp., price 185. 
Strongly bound. 

t^ This work is designed as a companion to the Author^ s *• Works* 
Manager's Hand-book." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publico- 
tion, but collected by the author for his ovfn use in the construction of a greiU variety 
of modem engineering work. 

The information is given in a condensed and concise form, and is illustrated by 
'$0/370 Woodcuts; and comprises a quantity of tabulated matter of great 
all engaged in designing, constructing, or estimating for Engines, Boilers 
0iu{ OTHER Engineering Work. 

*»♦ Opinions of the Press. 

" We have kept it at hand for several weeks, referring to it as occasion arose, and we have not 
on a sing:le occasion consulted its passes without finding the information of which we were in quest.' 
—Athenaufn. 

" A thoroughly eood practical handbook, wW:h no engineer can go through without leamlns; 
•oroething that will be of service to Yi\m."—Mari/u Enginur. 

" An excellent book of refereace for engineers, and a valuable text-book for students of 
engineering. " — Seoisntan. 

" This valuable manual embpdies the results and experience of the leading authorities on 
mechanical engineering."— 5«<W»«^ News. 

" The author has collected together a surprising: quantity of rules and practical datsi, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
(me of the most useful of its kind published, and will be a very popular compendium."— £«;^»»«tfr. 

•• A maSs of information, set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference."— Practical Engineer. 

" Fun of useful information, and shQUld be found on the office shelf of all practical engineers.' 
—English Mechanic, 
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Handbook for Works' Managers. 

THE WORKS' MANAGER'S HANDBOOK OP MODERN^ 

ftULES, TABLES, AND DATA. For Engineers, Millwrights, and Boiler 

Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 

Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, Author 

of " The Practical Engineer's Handbook." Fourth Edition, carefully Revised, 

and partly Re-written. In One handsome Volume, medium 8vo, price 155. 

strongly bound. [Just published, 

t^ The Author having compiled Rules and Dafa for his own use in a greai 

variety of modem engineering work, and having found his notes extremely useful^ 

decided to publish them— revised to date— believing that a practical work, suited to 

the DJiiisY REQUIREMENTS OF MODERN ENGINEERS, would be favourably received. 

In the Third Edition, the following among other additions have been made, vix,: 
Rules for the Proportions of Riveted Joints in Soft Steel Plates,the Results of Expert^ 
ments by Professor Kennedy for the Institution of Mechanical Engineers— Rules 
for the Proportions of Turbines— Rules for the Strength of Hollow Shafts of Whit' 
worth's Compressed Steel, &c, 

*»* Opinions of the Press. 
" The author treats every subject from the point of view of one who has coDected workshop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained only by practical experi* 
ence. and is seldom written in books." — Engineer. 

"The volume is an exceedingly useful one. brimful with engineers' notes, memoranda, and 
rules, and well worthy of being on every mechanical engineer s hookshei(."—Afec/tanical IVorid. 

" The information is precisely that likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works manager, but of anyone connected with 
general engineering." — Mining youmal. 

"A formidable mass of facts and fieures, readily accessible through an elaborate faidex 
.... Such a volume will be found absolutely necessary as a book of reference in all sorts 
of 'works' connected with the metal trades."— -R>to«rf'x/ron Trades Circular. 

" Brimful of useful information, stated in a concise form, Mr. Hutton's books have met a press- 
ing want among engineers. The book must prove extremely useful to every practical maa 
possessing a copy."— 'Practical Enjgrineer, 

^Practical Treatise on Modern Steam-Boilers. 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
for Engineers, Boiler>Makers, and Steam Users. Containing a large Col* 
lection of Rules and Data relatfcig to the Design, Construction, and Working 
of Modern Stationary, Locomotive, and Marine Steam-Boilers. By Walter 
S. Hutton, Civil and Mechanical Engineer, Author of "The Works' 
Manager's Handbook," " The Practical Engineer's Handbook," &c. With 
upwards of 300 Illustrations. 
tsr This work is written in the same style as Mr. Hutton's other practical 

Handbooks, which it is intended to supplement. It is in active preparation and will, 

it is expected, be ready in April. 

< *^2%e Modernised Templeton.'^ 

i THE PRACTICAL MECHANICS WQRKSHOP COM- 
PA NION. Comprising a ^eat variety of the most useful Rules and Formulas 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
^ lated Results for Facilitating Mechanical Operations. By William Temple- 
ton, Author of "The Engineer's Practical Assistant,** &c. &c. Sixteenth 
Edition, Revised, Modsrnised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. Fcap. 8vo, nearly 500 pp., with Bight 
Plates and upwards of 250 Illustrative Diagrams, 65., strongly bound for 
workshop or pocket wear and tear. IJitst published, 

*♦* Opinions of the Press. 
" In Its modernised form Hutton's ' Templeton ' should have a wide sale, for It contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
' he might look for ii^ vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of * Templeton.' "— English Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their rise in life to this little hook.."— Building News. 
" This fanuliar toxt-book— well known to all mechanics and engineers— is of essential service to 
the every-day requirements of engineers, millwrights, and the various trades connected with 
engineering and building. The new modernised edition is worth its weight in gold."— BuHdintr 
//ews. (Second Notice.) s » s 

" This well-known and largely used book contains information, brought up to date, of the 
Kort so useful to the foreman and draughtsman. So much fresh information has been introduced 
as to constitute it practically a ncAv book. It will be largely used in the office and woikbhop.' — 
J/ichautcal n'orlii. . ' 

•' The puhU^ihers wisely entrusted the task of revision of this popular, valuable and useful book 
to Mr. Ilulton, than whom a more couipetcut man they could not have fouud."— /rw. 
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Stone-working Machinery » 

STONE'WORKING MACHINERY, and thi Rapid and EconomU 
cal Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Bale, M.I.M.B. With Illusts. Crown »vo, 9s, 
** The book should b« in the haadk of every mason or student of stone-work."— 

Colliery Guardian, 
" It is In every sense of the word a standard work upon a subject which the author is fully 

«>mpeteot to deal exhaustively ^m^K."— Builder's Weekly Reporter, 

'* A capital handbook for all who manipulate stone for building or ornamental purposes."-* 

Machinery Market. 

:Bump Canstruction and Management. 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
Notes on Selection, Construction and Management. By M. Powis Bale, 
M.I.M.E., Author of " Woodworking Machinery," " Saw Mills," &c. Crown 
8vo, 2s. 6d. cloth. [Just published. 

" The matter is set forth as concisely as possible. In fact, condensation rather than riitVusei ess 
has been the authors aim throuf^hout ; yet he does not seem to have omitted anything likely lo ba 
of use. "~y»urnal of Gas Lighting. 

" Thoroughly practical and simply and clearly written."— C^iwrf<?w Herald. 

lumUig. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. Bv Paul N. Harluck. 

Fourth Edition, Revised and Enlarged. Cr. 8vo, 5s. cloth. [^Just published. 

** Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it. and how to convey his knowledge to others. To all turners this book would be valuable." 
^^Engineering: 

" We can safely recommend the work to young engineers. To the amateur It win simply be 
Invaluable. To the student it will convey a great deal of useful information."— ^«^f««r. 

" A compact, succinct, and hahdy guide to lathe- work did not exist in our lang-uage until Me, 
Hasluck, by the publication of this treatise, gave the ttimer 9Ltx»»vad«'m4CHfH,"— house Decorator 

/Hcreiv-Cutting. 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting I athes. 
By Paul N. Hasluck, Author of •' Lathe- Work," &c. With Fifiy Illustra- 
tions. Third Edition, Revised and Enlarged. Waistcoat-pocket size, is, €d, 
cloth. [Just published, 

*' Full of useful information, hints and practical criticism. Taps, dies and sere wing-tools gene> 

tally are illustrated and their action described."— iV/cAa«icar/ World. 

" It is a complete compendium of all the details of the screw cutting lathe ; in fact a mul^uffu 

in-Parvo on all the subjects it treats \xao\\."— Carpenter and Builder. 

Smithes Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, Formula, and 
Memoranda. Waistcoat-pocket size, is. 6d. limp leather. [Just published. 
" It would, f/erhaps, be as difficult to make a small pocket-book selection of notes and formuke 
fo suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat* 
podcet collection may be looked up>on as a successful attempt." — Etigineer. 

"The best example we have ever seen of ago pages of useful matter packed into the dimen* 
•ions of a csLrd-case."— Building News. "A veritat>le pocket treasury of knowledge."— /row. 

JSngineer^s and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 

By William Templbton. 7th Edition, with Additions. i8mo, 2s. 6d. cloth. 

"Occupies a foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be razde."— Building News. 

"A deservedly popular. work, it should be in the 'drawer' of every mechanic."— £'«^/»jA 
Jifechanic. 

Iron and Steel. 

" IRON AND STEEL'' : A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for Ircn- 
masters and their Stock-takers; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mecnanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Drau§;htsmen. By Charles Hoarb, Author of 
•• The Slide Rule," &c. Eighth Edition, Revised throughout and considerab y 
Enlarged. 32mo, 6s. leather. 

•• For coniprehensiveuess the book has not its equaV—lron. 

"One of the best of the pocket hooks."— English Mechanic. 

"We cordially recommend this book to those engaged in con^dering the details of all kinds 
Iron and steel works."— A'avo/ Science, 
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JEngineering Construction^ 

PATTERN-MAKING : A Practical Treatise, embracing the Main 
Tvpes of Engineering Construction, and including Gearing, both Hand and 
Machine made, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c.. together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By a Foreman Pattern Maker. With upwards of Three 
Hundred and Seventy Illustrations. Crown «vo, ys. 6d, cloth. 
"A well- written techtiical guide, evidently written by a man who understands and has prac- 
tised what he has written about. . . . We cordially recommend it to engineering students, jrcu g 
Journeymen, and others desirous of being initiated into the mysteries of pattern-making."— ^Mi^ticr. 
" We can confidently recommend this comprehensive txezx]at.* —Building- News, 
" Likely to prove a welcome |[uide to many workmen, especially to draughtsmen who have 
lacked a traming in the shops, pupus pursuing their practical studies m our Carries, and to em- 
ptoyers and managers in engineering vforks. —Nardware TraeU journal, 

"More than 370 illustrations help to explain the text, which is, however, always clear and ex- 
plicit, thus render mg the work an excellent vadt mecum for the apprentice who desires to become 
master of his txadc'—Jingiish Mechanic. 

Dictionary of Mechanical Engineering Terms. 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 

PRACTICE OF MECHANICAL ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting Turning, Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman Pattern-Maker, Author of *' Pattern Making." Crown 8vo, 
ys. 6d. cloth. 

"Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value in bis studies, and 
every foreman engineer and mechanic should have a copy."— Building News. 

"After a careful examination of the book, and trying all manner of words, we think that the 
engineer will here find all he is likely to require. It will be largely \is%A."—PracticeU Engineer. 

" One of the most useful books which can be presented to a mechanic or studeat."—£ttg/ish 
Mechanic. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 
a happy idea to combme with a definition of the phrase useful information on the subject of which 
It \.xe3Xs."—Mch.hinery Market. 

" No word having connection with any branch of constructive engineering seems to b« 
omitted. No more comprehensive work has been, so far, \sso.tA."^Knowledgt. 

" We strongly commend this useful and reliable adviser to our friends in the workshop, and to 
students everywhere "— Colliery Guardian, 

Steam Boile\^9. 

A TREA1ISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.E. Fifth Edition. 
i2mo, 65. cloth. 

" The best treatise that has ever been published on steam bo\ijBts.*'—Eneifteer. 
"The author shows himself perfect master of his subject, and we hearmy recommend all mo* 
ploying steam power to possess themselves of the -wotk,"— Inland's Iron Trade CircHiar, 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A. I.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 3*. 6d. cloth. 

"Full of use'^ul information, definite in statement, and thoroughly practical In treatment."— 
The Local Government Chronicle. 

" A valuable contribution to the literature of scientific building."— rA« Builder, 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER S* ASSIST^ 
ANT, With Examples of Practical Geometry and Templating, for the Ute 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clar» , 
1 M.I.C.E. Third Edition, 480 pp., with 140 Illusls. Fcap. 8vo, 75. half-bound. 

" A most useful work. ... No workman or apprentice should be without this book."— 
Iron Trade Circular. 

" Boiler-makers will readily recognise the value of this volume. . . . The tables are deailjr 
printed, and so arranged that they can be referred to with the greatest facility, so that it cannot M 
doubted that they wiU be generally appreciated and much usea,"~-MiHiMg Jottntal, 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Jones. With upwards of 50 Illustrations, crown 
8vo, 2s. cloth. - s *- - 

, "We confidently recommend all interested in heating by hot water to seQttl« a copy of tUis 
valuable UtUe treatise. "—r/i*-P/«w*^r<?«rfi?tfc<7ra/or, *•'» v «-/ »««m 
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Steam Engine. 

TEXT'BOOK ON THE STEAM ENGINE. With a Sup- 
p!ement^ on Gas &n^nes, and Part II. on Heat Engines. By T. M. 
GooDBVB, M.A., Barnster-at-Law, Professor of Mechanics at the Normal 
School of Science and the Royal School of Mines; Authpr of "The Princi- 
ples of Mechanics," " The Elements ot Mechanism," &c. Eleventh Edition, 
Enlarged. With numerous Illustrations. Crown 8vo, 6s. cloth. [Just publuhed, 
"Professor Goodeve has given us a treatise on the steam engine which will bear compariaon 

with anything written by Huxley or Maxwell, and we can award it no higher praise."— ^/jfrnw*-. 
** Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 

^Mining yournal. 

"Essentially practical in its aim. The manner of exposition leaves nothing to be desired."-* 

Scotsynan. 

ijias Engines. 

ON GAS-ENGINES, Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine^ by T. M. GoodevBi 
M.A. Crown 8vo, 2s. 6d, cloth. 
** Lake aD Mr. Goodeve's writings, the present Is no exception in point of general exceUence* 
It is a valuable little \cA\xme,'— Mechanical iVorld. 

Steam. 

THE SAFE USE OP STEAM. Containing Rules for Un- 
professional Steam-users. By an Engineer. Sixth Edition. Sewed, 6d. 
** If steam-users would but learn this little book by heart boiler explosions would becomt 
sensations by their xzxity "—Eng:lish Mechanic 

Office Book for Mechanical Engineers, 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering'Data. Part II. Boiler Construction. With 48 Plates and 
nnmerous Illustrations. By Nelson Foley, M.I.N.A. Folio, half-bound. 
Price £s 5s, INearly ready. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Enginurs and Steam-users. By Nelson Foley, Author of " Boiler Con- 
struction." Pocket-size, 3s. 6d. cloth ; 45. leather. 

" These tables are designed to meet the requirements of every-day use ; they are of suflSrtint 
•cope for most pt-actical purposes, and may be commended to engineers and users of steai;.."-^ 
IrvH, 

" This pocket-book well merits the attention of the practical engineer. Mr. Foley has com- 
piled a very useful set of tables, the information contained in which is frequently required by 
engineers, coal consumers and useri of steam."— /ron tfnd Coal Trade* Review, 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management : Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, CB. With 
numerous Illustrations, 544 pp., demy 8vo, £t 4s. cloth. 
•• To such of our. readers as are interested in the subject of fires and fire apparatus, we can most 

iMartily commend this book. It is really the only Ei^lish work we now have upon the subject"— 

Sntineerinsr. 

" It displays mndi evidence of careful research ; and Mr. Young has put his fects neatiy 
"•lier. It is evident enough tliat his acquaintance with the practical details of the construction of 

1 fire engines, old and new, and the conditions with which it is necessary they should comply, 

b accurate and {vJL"—Et^ri**€er, 

Estitnating tor Engineering Work, &c. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo, 12s. cloth. [Just publhheii. 
•• Thi» is an excel'ent and very useful book, covering subject m iter in constant requisiiion in 
every factory and workshop. . . . The book is invaluable, not only to the young engineer, but 
also to the estimate department of every -works."— Builder. 

" This book bears on every pige evidence that it has been prepared by an engineer accus- 
tomed to the work, and te no mere compilation, but contains a mass of valuable inlormation ot a 
kind useful even to experienced engineers."— /*/-af/*c«/ Engineer. 

*' We accord the work unqualified praise. The information is given in a plain, straightforward 
manner, and bears throughout evidence of the intimate practical acquaintance of the author witii 
vnvc^ phroso of comai'rcial engia'ici Ing."— ^/f c/wwiVa/ lyorld. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
(" Thb Elf qinb Driver's Friend "). 

LocofnoHve^JSngine Driving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manwtl for 
Engineers in charge of Locomotive Engines. By Michael Reynolds, Member 
of the Society of Engineers, formerly Locomotive Inspector L. B. and S. C. R. 
Eighth Edition. Including a Key to the Locomotive Engine. With Illus- 
trations and Portrait of Author. Crown 8vo, 45. 6d. cloth. 
"Mr. Reynolds has supplied a want, and has supplied it ^elL We can confidently recommend 

the booic, not only to the practical driver, but to everyone who takes an interest in the perfonaano* 

of locomotive ehe^nes." — The Engineer, 

" Mr. Reynolds has opened a new chapter b the literature of the day. This admirable practical 

treatise, of the practical utility of which we have to speak in terms of warm commendation."-* 

At/tenanm. 

•• Evidently the work of one who knows his subject thoroughly."— Railway Service GaxetU. 
"Were the cautions and rules given in the book to become part of the every-day wockiog of 

ur engine-drivers, we might have fewer distressing accidents to deplore."— SeeCfmaM. 

Stationary Engine I>riving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 

Engineers in charge 0/ Stationary Engines, By Michael Reynolds. Fourth 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 45. 6d. cloth. 

"The author is thoroughly acquainted with Us subjects, and his advice on the various points 
treatad is clear and practical. ... He has produced a manual which is an exceedingly useful 
one for the class for whom it is specially intended." — Bngineerinsr. 

" Our author leaves no stone unturned. He is determined that his readers shall not only knew 
something about the stationary engine, but all about it."— Bn^neer. 

"An engineman who has mastered the contents of Mr.Reynolds's bookwill require but little actual 
experience with boilers and engines before he can be trusted to look after them."—£tt£iisM£ecManic, 

The Engineer, Firemam, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 
" From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written by Dr. Smiles. . . . The volume contains information of a tech* 
nical kmd, and facts that every driver should be familiar yfith."~Eft£'/ish Mechanic. 

"We should be glad to see this book in the possession of everycme in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /rvn. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michaei. 
Reynolds. Large crown 8vo, gs. cloth. 



" A popular explanation of the different brakes. It will be of great assistance in forming public 
opinion, and will be studied with l>enefit by those who take an mterest in the hiake,"—£f^iisM 
Mechanic. 

" Written with sufficient technical detail to enable the principle and relative connection of the 
various parts of each particular brake to be readily graspca."— Mechanical Worid, 

Engine-Driving lAfe. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. Second 
Edition, with Additional Chapters. Crown 8vo. 25. cloth. 

"From first to last perfectly fascinating. Wilkie CoIUns's most thrilling conceptions are thrown 

Into the shade by true incidents, endless in their variety, related in every page."— iVorfA British A/aii, 

" Anyone who wishes to get a real insight into railway life cannot do better than read * Engine- 

Driviag Life' for himseK ; and if he once take it up he will find that the author's enthusiasm and real 

love o\ tce engine-driving profession will carry him on till he has read every pagp,"—Saiurtl^fRevitm, 

Focket Cofnpanion for Engineinen. 

THE ENGINEMAN*S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal xSmo, 3s. td,^ 
strongly bound for pocket wear. 
" This admirable work is well suited to accomplish its object, being the honest workmanship of 

■ competent engineer."— C/ax^r*"" Herald. 

" A most meritorious work, giving in a succinct and practical form all the Information an englnOi 

minder desirous of mastering the scientific principles of his daily caUIng would require."— J/tffer, 
A boon to those who are strivhig to become efficient mechanics."— Z^aAJy Chronicle, 
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French-English Glossary for Engineers^ etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John Jambs 
Fletcher, Engineer and Surveyor. 200 pp. Waistcoat-pocket size, is, 6d,, 
limp leather. 

" It ought certainly to be in the waistcoat-pocket of every professional man."— Trwt. 
•• It is a very great advantage for readers and correspondents in France and England to hare 
to large a number of the words relatini; to engineering and manufacturers collected m a liliputian 
Tolume. The little book will be useful both to students and travellers."— ^ rchitect. 

" The glossary of terms is very complete, and many of the tables are new and well arranged. 
We cordially commend the book. •— AfecAantca/ IVorla, 

Portable Engines* 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 

MANAGEMENT. A Practical Manual for Owners and Users of Steam 

Engines generally. By William Dyson Wansbrouoh. With 90 lUustra- 

tions. Crown 8vo, 3s. 6d, cloth. 

*' This is a work of value to those wno use steam machinery. . . . Should be read by every- 
one who has a steam engine, on a farm or elsewhere."— A/ar>6 Lane Express. 

" We cordially commend this work to buyers and owners of steam engines, and to those who 
have to do with their construction or ms^"— Timber Trades yeuntal. 

" Such a general knowledge of the steam engine as Mr. wansbrough furnishes to the reader 
should be acquired by all intelligent owners and others who use the steam engine. "—Bnildine News. 

" An excellent text-book of this useful form of engine, which describes with all necessary 
minuteness the details of the various devices. . . ' The Hints to Purchasers ' contain a good deal of 
conimonsense and practical vnsA.ora."— English Mechanic. ^ .■■■■-tf^v 



CIVIL ENGI NEERING, SUR VEYING, etc. 

m, HUMBER'8 IMPORTANT ENGINEERING BOOKS. 
The Water Supply of Cities and Totvns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By William Humber, A-M.Inst.C.E., and 
M. Inst. M.E., Author of " Cast and Wrought Iron Bridge Construction," 
&c. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 6s, elegantly and substantially half-bound in morocco • 
List af Contenti. 
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^Engineer. 

" We can coneratulate Mr. Humber on havlngf been able to give so largre an amount of lnfor< 
mation on a subiect so important as the water supply of cities and towns. The plates, fifty in 
number, are mostly drawings of executed worics, and alone would have commanded the attention 
of every ei^neer whose practice may lie in this branch of the profession."— iffMiU^tr. 

Cast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts— Theoretical, Practical, and Descriptive. By 
William Humber, A. M.Inst. C.E., and M.Inst. M.E. Third Edition, Re- 
vised and much improved, with Z15 Double Plates (20 of which now first 
appear in this edition), and numerous Additions to the Text. In Two Vols.i 
imp. 4to, £6 i6s. 6d. half-bound in morocco. 

"A very valuable contribution to the standard literature of dvil englneerinsf. In addition to 
devations, plans and sections, large scale details are given which very much enhance the instruc> 
five worth of those illustrations.' —Civt/ ^wi««r a«rf Architect's Journal. 

" Mr. number's stately volumes, lately issued— in which the most important bridges erected 
during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, Mr. Hawk- 
thaw, Mr. Page. Mr. Fowler, Mr. Hemans. and others among our most eminent engineers, are 
taiwn and specified in great detaa."-'i?nr»M«(r 
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MR. NUMBER'S GREAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price £19 im., half-morocco. Each 
Volume sold separately as follows :— 

A RECORD OF THE PROGRESS OF MODERN ENGINEER^ 
JNG. First Series. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William H umber, 
A-M.Inst.C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale. 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Speciiications, &c., £s 3s. half-morocco. 

List of the Plates and Diagrams. 

Victoria Station and Roof, L. B. & S. C. R. 
(t plates) ; Southport Pier (a plates) ; Victoria 
Station and Roof. L. C. & D. and G. W. R. (6 
plates); Roof of Ctcniome Music Hall; Bridge 
over G. N. Railway ; Roof of Station, Dutch 
Rhenish Rail (3 plates) ; Bridge over the 

" Handsomely lithographed and printed. It will find fovour with many who desire to preserv« 
In a permanent form copies of the plans and specifications prepared for the goktence of the ooa> 
tractors for many important engineering yrorks. '-Engineer. 



Thames, West London Extension R^wav (S 

,4 plates); The Allen ~ " 

pension Briage, Avon (3 plates); 
Railway (3 plates). 



I^tes); Armour Plates. ^ . 

Thames (4 plates); The Allen Engine; Sus- 



Suspendon 

Engini , 
Undetgrotmd 



HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress, 
Speciiications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams, 



Birkenhead Docks, Lew Water Basin (15 
plates); Charing Cross Station Roof, C. C. 
Railway (3 plates) ; Digswell Viaduct, Great 
Northern Railway; Robbery Wood Viaduct, 
Great Northern Railway; Iron Permanent 
Way; Clydach Viaduct, Merthyr, Tredegar, 



and AbernTenny Railway; Ebbw Vladiic^ 
Merthyr, Tredegar, and Abergavenny Rail* 
way ; College Wood Viaduct Cornwall RaD- 
way: Dublin Winter Palace Roof (3 plates) ; 
Bridge over the Thames, L. C. & U. Railway 
(6 plates) ; Albert Harbour, Greenock (4 platea). 



" Mr. Huraber has done the profession good and true service, by the fine collection of CTamplet 
he has here brought before the profession and the puhUc."^Practical Mechanic's yourfuU, 

HUMBERTS RECORD OF MODERN ENGINEERING. Third 
I Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. 
I M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci« 
fications, &c., £3 35. half-morocco. 

List of the Plates and Diagrams. 
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KoUwiy, d3i(l Bcrw BJid fiarkiiig Railway Juic- 
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pjjitcs); Outfall ^' 
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ind 



Ilfij}>c avqr I^rwt Lnnclan Watcn^ork*' I-L-i.-iiet 
{t pla[Biiy^ i^ujfdJl Sci^-crv Ki]i50irr-ci]r f ? t 'I n i '. ;) ; 
OulLilt Sewer, Tumbling ^y ami Omier : < 'ut- 
taH Sewer, I'enstocks. SimiA ^t^^.— t.i i < LiaU 
Seireirp EflrrniTHdscy Branch (a plaJM^i O'.-Llall 



Sewer, Reservoir and Outlet (4 plates) ; 

" "" Sections of Seweis (North 



Sewer, FUth Hoist; ~ " ~ "" " 

and South Sides). 

THAMES Embankment.— Section Of Rhrer 
Wall : Steamboat Pier, Westnunster (a plates): 
Landing Stairs between Charing Cross ana 
Waterloo Bridges ; York Gate (a plates); Orer* 
flow and Outlet at Savoy Street Sewer (3 plates) ; 
Steamboat Pier, Waterioo Bridge (3 phites); 
Junction of Sewers, Plans and Sections; 
Gullies, Plans and Sections; RoUiag Stock} 
Granite and Iron Forts. 



" The drawings have a constantly increasing value, and whoever desires to possess dear reprs. 
scntations of the two great works carried out by our Metropolitan Board will obtaib Mr. Humber's 
Tolume.-— A'/f^V/^r. 

HUMBERTS RECORD OF MODERN ENGINEERING, Fourth 

Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John 
Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
iications, &c., £s 32. half-morocco. 

List of the Plates and Diagrams, 

Mesopotamia ; Viaduct over tiie Rhrer W3 



Abbey Mills Pumping Station, Mafai Drahi- 
■ge. Metropolis (4 pUites) ; Barrow Docks (5 
l>lates) ; M.inquis Viaduct, Santiago and Val- 
paraiso R.iihv.iy (3 plates); Adam's Locomo* 
tive, St. Helen's Canal Railway (s plates); 
Cannon Sired Station Roof, Charing Cross 
RaUway (3 plates) ; Road Bridge over the River 
Moka (2 plates); Telegraphic Apparatus for 



Midland Railway (3 plates) ; St. Germans ^^ 
duct, Cornwall Raflway (a plates); Wrought* 
Iron Cylinder for Diving Bell ; MillwaU Docks 
(6 plates) ; Milrpy's Patent Excavator: Metro- 
politan District Railway (6 plates); ~ 
rorts, and Breakwaters (3 plates). 



«, •• We gladly welcome another year's issue of this valuable publication from the able pen of 
Mr. Humber. The accuracy and general excellence of this work are well known, while its useful, 
cess in giving the measurements and details ot some of the latest examples of engineering, as 
earned out by the most eminent men hi the profession, cannot be too highly prized."— ^«tt«ax. 
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MR. NUMBER'S ENGINEERING BOOKS— continued. 
Strains, CiUculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
JN GIRDERS AND SIMILA R STR UCTURES, A ND THEIR STRENGTH, 
Consisting of Formulae and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humber, A-M.Inst.C.E., &c, 
Fomth Edition. Crown 8vo, nearly loo Woodcuts and 3 Plates, 7s. 6d. cloth. 
" The formulae are neatly expressed, and the diagrams good."—j4tJtenieum. 
" We heartily commend this really handy book to our enginewr axA archhect readers."— J?»r> 
Hsh Mtchanic. 

Sarlaw^s Strength of Materials^ enlarged by Humber 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Pster Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and 
Formulas for Calculating Girders, &c. Arranged and Edited by W. HumbbRi 
A-M.Inst.C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous Wood- 
cuts, 185. cloth. 

" Valuable alike to the student, tyro, and the experienced practitioner, It win always rank in 
fkiture, as it has hitherto done, as the standard treatise on that particular subject."— is n^tneer. 

" There is no i^eaier authority than Barlow."— Building- News. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of erciy 
civfl engineer and practical mechanic"— ^M^/irA Mechanic. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 

land 
, with 

_. R.E, 

Fourth Edition, Revised and partly Re- written by Major General Sir Charles 
Warren, G.C.M.G., R.E. With 19 Plates and 115 woodcuts, royal 8vo, i6s. 
cloth. 

** The simple taxX that a fourth edition has been called for Is the best testimony to Its merits. 
Ho words of praise from us can stren^hen the position so well and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present dax»."'~Broad Arrow. 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING, By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wo 4- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 P.ates, 125. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
bridges: With 13 large Plates. By the late George Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal t;vo, X2S. 
cloth. 

** The standard text-book for all enelneers rej^^ardlng skew arches is Mr. Buck's treatise, and it 
would be impossible to consult a better?'— En/iiHeer. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the 
•Dbject of many of the intricacies supposed to belong to it. As a guide to the engineer-and archi< 
tect. <m a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^»«/df(»^A^«n'x. 

Water Storage, Conveyance and Utilisation. 

WATER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of " Sanitary Work in the Smaller 
Towns, and in Villages," &c. With numerous lUusts. Cr. 8vo. 75. 6d. cloth. 
" As a small practical treatise on the water supply of towns, and on some applications of 

iwter-power, the work is in many respects cxceVlcnt.'—Engtfieertti£: 

" The author has collated the results deduced from the experiments of the most eminent 

authorities, and has presented them in a compact and practical form, accompanied by very clear 

and detailed explanations. . . . The apphcation of water as a motive power is treated very 

carefully and exhaustively. "—5»«/</^r. 

"For anyone who desires to begin the study of hydraulics with a consideraticn of the practica 

•pplications of the science there is no better gmde.'— A rchiiect, ,, 
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Statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS Jn their Practical Appii. 
cation to the Treatment of Stresses in Roofst Selid Girders, Lattice, Bowstring 
and Suspension Bridges^ Braced Iron Arches and Piers, and other Frameworks, 
Bv R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, x6s. cloth. 
*' Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied." 

'* The work is excellent from t practical point of view, and has evidently been prepared with 
much care. The directions for working are ample, and are illustrated by an abundance of wdt 
selected examples. It is an excellent text-book for the practical draughtsman."— ^/A<m«mm. 

Student's Text-Book on Surveying. 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
paring for Examination or for Survev-work in the Colonies. By Georgb 
W. UsiLL, A.M.I.C.E., Author of "The Statistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Illustra- 
tions. Second Edition, Revised. Crown 8vo, 75. 64. cloth. [Just published, 
•• The best forms of instruments are described as to their construction, uses and modes of 
employment, and there are innumerable hints on work and equipment such as the author, in his 
experience as surveyor, draug-htsman and teacher, has found necessary, and which the student 
in his inexperience will find most serviceable."— £/t£ineer. 

" The latest treatise in the English lang-uage on surveying, and we have no hesitation in say>> 

Ing that the student will find it a better guide than any of its predecessors 

l)e>erves to be recognised as the first book which should be put in the hands of a pupil of Civil 
Bngineering, and every gentleman of education who sets out for the Colonies would find it weH to 
have a. copy."— ^rchiiect. 

" A very useful, practical handbook on field practice. Clear, accurate and not too con- 
densed."— y(?t/r«a/ ^ £dncation. 

Survey Practice. 

AID TO SURVEY PRACTICE, for Reference in Surveying, Level* 
ling, and Setting-out ; and in Route Surveys of Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lewis D'A. Jackson, 
A.M.I.C.E., Author of " Hydraulic Manual," " Modern Metrology," &c. 
Second Edition, Enlarged. Large crown 8vo, 12s. 6d. cloth. 
•• Mr. Jackson has produced a valuable vade-mecum for the stuveyor. We can recommend 

this book as containing an admiral>le supplement to the teaching of the accomplished surveyor."— 

Athenaum. 

" As a text-book we should advise all surveyors to place It in their libraries, and study well the 

matured instructions afforded in its pages."— Colliery Guardian. 

" The author brings to his work a fortunate union of theory and practical experience whicht 

aided by a clear and lucid style of writing, renders the book a very usefid oaib^'-BuiltUr, 

Surveying, Land and Marine. 

LAND AND MARINE SUR VEYING, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns* Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction," &c. Second Edition, Revised, with Additions. Large cr. 8vo, 9$. cl, 
•' This book must prove of great value to the student. We have no hesitation in recommend' 

ng it, feeling assured that it will more than repay a careful stMdy. "—Afee/tauical If'orltf. 

*' A most u e ul and well arranged book for the aid of a student. We can strongly recommend 

It as a carefully-written and valuabfe text-book. It enjoys a well deserved repute among surveyors." 

" This volume cannot fail to prove of the utmost practical utility. It may be safely recommended 
to all students who aspire to become clean and expert surveyors."— Aft'MtMif' journal. 

Tunnelling. 

PRACTICAL TUNNELLING, Explaining in detail the Setting, 
out of the works. Shaft-sinking and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms. F.G.S., 
M.InstC.E. Third Edition, Revised and Extended by D. Kinnear Claris 
M.Inst. C.B. Imperial 8vo, with 21 Folding Plates and numerous Wood 
Engravings, 305. cloth. 
••The estimation in which Mr. Shnms's book on tunnelling has been hdd for over thirty years 
cannot be more truly expressed than in the words of the late Prof. Rankine :— * The best source of in- 



formation on the subject of tunnels is Mr. F. W, Sunms's work on Practical Tunnelling.' ' 
" It has been reiarded from the first as a text book of the subject. . . . Mr. Curl 
immensely to the value of the \>oo)L,"—EnffiHeer 



A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railwar and Civil 
Engineering, in the Construction of Roads : with Mr.TBLFORD's Rules for the 
same. By Frederick W. Simms, F.G.S., M.Inst.C.E* Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwink's Field Practice of Laying'Out Circular Curves. WiA 7 Plates 
and numerous Woodcuts, 8vo, 8«, 64, cloth. ♦»* Trau twine on Curves 
may be had separate, 5s. 

'• The text-book on levellinsf in most of oar engfneerlngr schools and coHegw."— J?«f*««fr. 
" The publishers have rendered a substantial service to the profession, especially to the younger 
mcDibers, by bringing out the present edition of Mr. Simms's useful wosk,"—£H£ifuerfyi^, 

JUeat, Expansion hy. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Keily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 3^. 6d. cloth. 

Summary of Contents. 

Section I. Formulas and Data, 

Section II. Metal Bars. 

Section III. Simple Frames. 



Section IV. Complex Frames and 

Plates. 
Section V. Thermal CoNDucTrviTY. 



Section VI. Mechanical Forcb of 

Heat. 
Section VII. Work of Expansion 

and Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim the author has set before him, viz., to show the effects of heat upon metallic i — 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi- 
tect can find but little rdiable and comprehensive data in bo6ks."—Bui/der, 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better than consult Mr. Kelly's valuable and handy 
exposition of the geometrical principles involved in these changes."— ^^o/lrmaM. 

Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law. C.E. 4th Edition, carefully 
Revised by J. R.Young, formerly Professor ot Mathematics, Belfast College. 
With 13 Plates, 8vo, £1 is. cloth. 
•• The engineer or architect will here find ready to his hand rules forsolvingneariy every mathe- 
matical diflficulty that may arise in his practice The rules are in all cases explained by means of 
examples, in which every step of the process is clearly worked out."— Buiider. 

On? of tlte most serviceable books for practical mechanics. ... It is an instructive book for 
the student, and a text-book for hira who, having once mastered the subjects it treats of. needs 
occasionally to refresh his memory upon them."— Bui/dittjp Ntws, 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS 
for finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rainfall, 
Catchment*Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I. A. Third Ed., carefully 
Revised, with considerable Additions. Numerous lUusts. Cr. 8vo, 14s. cloth. 
" Alike valuable to students and engineers in practice ; its study will prevent the annoyance ot 
avoidable failures, and assist them to select the readiest means of successfully carrying out any 
given work connected with hydraulic engineerntifi."— Mining' yourttal. 

" It is, of all English books on the subject, the one nearest to completeness, . . . From the 
good arrangement of the matter, the clear explanations, and abundance of formulae, the carefully 
calculated tables, and, above all, the thorough acquaintance with both Uieory and constnictloo« 
which is displayed from irst to last, the book will be found to be aca acquisitioa.'''— .<< rcMtecti 

Mydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of " Aid to Survey Practice," 
" Modem Metrology," &c. Fourth Edition, Enlarged. Large cr. 8vo, i6s. cl. 
" The author has had a wide experience in hydraulic engioeering and has been a careful ob- 
server of the facts which have come under his notice, and from the great mass of material at his 



branch of the engineer's pro'ession. We can heartily recommend this volume to all who desire to 
be acquainted with the latest develooment of this important subject."— jE«^"««r»^. 

"The standard- work in this department of moctinxAcs."— Scotsman, 

" The most useful feature of this work is its freedom from what is superannuated, and Itt 
Ihoroagh adoption of recent experiments ; the text is, in lact^ in great part a short account of the 
great modem experiments."— ^0/Mf«, — - 
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lyraincige. 

ON THE DRAINAGE OP LANDS, TOWNS AND BUILD- 
JNGS. By G. D. Dem psey, C.B., Author of *' The Practical Railway En- 
rineer," &c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D. Kinnbar Clark, M.Inst.C.B. Author of 
"Tramwavs : Their Construction and Working," " A Manual of Rules, Tables, 
and Data for Mechanical Engineers," &c* &c. Crown 8vo, 75. 6d. cloth. 

[Just published, 

*' The new matter added to Mr. Dempscy's exceDent work b characterised by the comprehen- 

slre grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient Toucher."— 

" As a work on recent practice In drainage ensfineerlng, the book Is to be commended to all 
who are making that branch of engineering science their special study."— J ran. 

" A comprehensive manual on drainage engineering, and a useful introduction to the student" 
BuUdifvrJVtws. 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties ot Rolling 
Stock : and ample Details oi Cost and Working Expenses : the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnbar Clark, 
M.Inst.C.E. With over aoo Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 30s. cloth. 

** All interested hi tramways must refer to it, as all railway englneen have turned to the author's 
woik • Railway MzciuatTy:"—£H£i9uer. 

" An exhaustive and practical work on tramway*, in which the history of this kind of locomoi 
tl<m, and a description and cost of the various wooes of laying tramways, are to be found."— 
Bttilding News. . j-^ j 

"The best form of ndls, the best mode of construction, and the best mechanical apfdlances 
are so fairly indicated in the work under review, that any engineer about to construct a tramway 
will be enabled at once to obtain the practical infomu^oa iMdx will be of most service to him."— 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLiqUE ARCHES, By John Hart. Third Edition, with Plates. Im- 
perial Bvo, 8s. cloth. 

Curves^ Tables far Setting-out - 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to 300 Radius. By Alexander Beazbley, 
M.InstCE. Third Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 3s. 6d. 
" Each ubie is printed on a small card, which, being placed on the theodolite, leaves the hands 

free to manipulate the instrument— no small advantage as regards the rapidity of work."— £»; tM«rr. 
"Very handy ; a man may know that all his day's work must fall on two of these cards, which 

he puts into his own card-case, and leaves the rest behind."— ^<A«N<rMm. 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis Campim, C.£. Crown 
8vo, 5$. cloth. 

"The way in which accuracy Is attained, by a simple division ot each cross section Into three 
elements, two in which are constant and one variable, is \xigtxiXoras."—Athenaum. 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAFTS : A 
Practical and Theoretical Essay. By J. H. Watson Buck, M.InstCE., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates, royal 8vo, 12s. cloth. 

" Many of the methods given are of extreme practical value to the mason ; and the observations 

on the form of arch, the rules for orderini^ the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering profession."— ^Mt/r^tn^ JVew;, 

" Will be regarded by civil engineers as of the utmost value, and calculated to save much time 

and obviate many mistakes."— Couierjf Guardian. 

Girder Sf Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA. 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates, By J. H. Watson 
Buck, M.In8t.C.E. On a Sheet, as. 6<<* 
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Biver Engineering. 

RIVER BARS: The Causes of their Formation, and their Treat- 
ment by " Induced Tidal Scour; " with a Description of the Successful Re- 
duction bv this Method of the Bar at Dublin. By I. T. Mann, Assist. Eng, 
to the Dublin Port and Docks Board. Royal 8vo, 75. oii. cloth. 
" We reconunend all interested in harbour works— and, indeed, those concerned in the im- 
provements of rivers geserally— to read Mr. Mann's interesting worlc ou the treatment of river 

Trusses 

TRUSSES OF WOOD AND IRON, Practical Applications of 
Science in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction, with Cofnplete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 
" This handy little book enters so minutely into every detail connected with the construction of 

roof trusses, that no student need \m ignorant of these matters."— /'roc^ica^ Mnginur, 

Mailway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci^ 

dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement E. Stretton, C.E., Vice- Resident and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Second Edition, Enlarged. Crown 8vo, 35. 6d. 
cloth. [Just published. 

" A book for the engineer, the directors, the managers ; and, in short, aH who wish for informa* 

tlon on railway matters will find a perfect encyclopaedia im ' Safe Railway Working.' ""Railway 

Reuirw. 

" We commend the remarlcs on railway signalling to all railway managers, especially where a 

uniform code and practice is advocated."-— //lfr</a/A'x Railway yournal, 

"The author maybe congratulated on having collected, in a very convenient form, much 

valuable information on the prmcipal questions aflecting the safe working of railways."— ^at/> 

viay Engineer, 

Fieldr-Booh for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, 12s. cloth. 

"The book is very handy ; the separate tables of sines and tan^[ents to every minute will make 

t useful for many other purposes, the genuine traverse tables existmg all the sajnaio."—'Atkenaunt. 

"Every person engaged in engineering field operations will estimate the importance of such a 

work aad the amount of valuable tune which will be saved by reference to a set of reliable tables 

prepared with the accuracy and fulness of those given in this vKA\xaM."—RaUway News, 

Earthworh^ Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. Second Edition. z8mo, as. 6d. cloth. 
" A great amount of practical information, very admirably arranged, and available for rough 

estimates, as well as for the more exact calculations required in the engineer's and contractor's 

(^ces."— Artisan, 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst.C.E. 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
"The student cannot find a better little book on this sahi^cV— Engineer, 

Cast Iron and other Metals^ Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Tredoold, C.B, Fifth 
Edition, including Hodgkinson's Experimental Researches. 8vo, its. cloth. 
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ABCHITECTUBE, BUILDING, etc 

Cimstrueiion. 

THE SCIENCE OP BUILDING : An Elmentary Treatise on 
the PrincxpUi of ConstrucHon. By E.. Wyndhau Tarm, M.A„ Architect. 
Third Edition, Revised and Enlarged, with 59 Engravings. Fcap. 8vo, 4s. 
cloth. {Just published, 

*' A very valuable book, which we stron^y recommend to all stixdenis."— Builder. 
" No architectural student should be without this handbook of constructioi^ knowtedfl^e."— 
jfrcAiua, 

ViUa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a 
Series of Designs for ViUa Residences in various Styles, With Outline 
Specifications and Estimates. By C. Wickbs, Architect, Author of "The 
Spires and Towers of England," &c. 61 Plates, 4to, £1 us, 6d. half-morocco, 
Kilt edges. 

" The whole of the designs bear evidence of their belne the work of an artistic architect, and 
ttiey will prove very valuable and sus^j^estive."— £m»/<;(m^ Jviws, 

Text-Book for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineers^ Surveyors, Contractors, Clerks of 
Works, &c. &c. By Frederick Rogers, Architect, Author of " Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. doth. 

" As a text-book of useful information for architects, engineers, surveyors. &C It would be 
htrd to find a hiuidier or more complete little volume." — Standard, 

"A youne architect could hardly have a better suide-bodk.'*^7V«»^rr Trades yctumat, 

Ta/yUyr and Cresy^s Home. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L.Taylor, Esq., F.R.I. B.A., and Edward Crbsy, Esq. New 
Edition, thoroughly Revised by the Rev. Alexander Taylor, M.A.(son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, i)*ith 13c Plates, half-bound, £3 3s. 
N.B^—This is the only book which gives on a large scale, and with the precision 

0f architectural measurement, the principal Monuments of Ancient Rome in plan, 

elevation, and detail, 

Taylor and Cresy's work has from its first pnbBcation been ranked among those profesdonal 

books which cannot be bettered. ... It would be difficult to find examples of drawings, even 

among those of the most painstaking students of Gothic, more thoroughly worked out than are tbm 

one hundred and thirty plates in this volume."— A rcMUtd, 

Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to, 
7s. 6d. boards. 

Sir Wm. Chambers's Treatise on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE, 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates, 4to, 
21S. cloth. 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; of. What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
James D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. Miller, 
A.R.I.B.A. With numerous Illustrations. Fourth Edition, Revised. Crowa 
8vo, 3s. 6d. cloth. 

"In two years it wiU repay its cost a hundred times oret."^FieU, 
" A very handy hook."—EHe^iJh MtchatUe, 

Cottages and Villas, 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 

How to Plan and Build Them. Containing 31 Plates, with Introduction, 
General Explanations, and Description of cich Plate. By James W. Bogue, 
Architect, Author of '• Domestic Architecture," &c, 4to, 105. 6d. cloth. 

\Jui.t published. 
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The New Builder's JPHce Book, 1891. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A 

Comprehensive Handbook of the Latest Prices and Data for Builders. 

Architects, Engineers and Contractors. Re-constructed, Re-written and 
Greatly Enlarged. By Francis T. W. Miller. 640 closely-printed pages, 

crown 8vo, 4s. cloth. SJ**^^ published. 

" This booK: is a very useful one, and should find a place in every English office connected with 
the buildin^and engineering? professions."— /«rf«j/riM. ' 

"This Price Book has been set up in new type. . . . Advantage has been taken of tho 
transformation to add much additional mformation, and the volume is now an excellent book of 
reference. "—Architect. 

" In its new and revised form this Price Book !s what a work of this k^nd should be — compre* 
hensive, reliable, well arranged, legible and well bound.* —^rt. wA Archuect. 

" A work of established reputation. "'—Athenaum. 

" This very useful handbook is well written, exceedingly clear in its explanations and great 
care has evidently been taken to ensure accuracy."— J/o; nin£^ Advertiser 

Designing^ Measuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS, Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities, Originally edited by Edward Dobson, Architect. 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Repairs, and Contracts, by B. Wyndham Tarn, M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts. Crown 8vo, ys. 6d. cloth. 

" WeD fulfils the promise of its title-page, and we can thoroughly recommend it to the class 
for whose use it has been compiled. Mr. Tarn's additions and revisions have mpch increased the 
usefulness of the work, and have especially augmented its value to students."— £n£ineerin£. 

" This edition will be fouiid the most complete treatise on the principles of measuring and 
valuing artificers' work that has yet been published."— £uiidin£' News, 

Focket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A. C. Beaton, Author of 
" Quantities and Measurements," &c. Fifth Edition. With 53 Woodcuts, 
waistcoat-pocket size, 15. 6d. gilt edges. 

•* No builder, architect, surveyor, or valuer should be without his * BeSton.'"'- Building News. 
"Contains an extraordinary amount of information in daily requisition In measunng and 
estimating. Its presence in the pocket will sava valuable time and trouble."— ^K»7rf»«^ IVorld. 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaldson, P.K.I.B.A., &c. New Edition, in 
One large Vol., Svo, with upwards of 1,000 pages of Text, and 33 Plates, 
£1 IIS. 6d. cloth. 

•* In this work forty-four specifications of executed works are given, Including the specifics* 
Wons for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkable 
document. It embodies, to a great extent, as Mr. Donaldson mentions, 'the bill of quantities 
with the description of the works.' ... It is valuable as a record, and more valuable still as « 
book of precedents. . . . Suffice it to say that Donaldson's 'Handbook of Spedfications' 
must be bought by all architects."— ^^tWifr. 

Bartholomew and Bogers* Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE, 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 

on the Structure and Science of Modern Buildings, Upon the Basis of the 

Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatlv 

added to by Frederick Rogers, Architect. Second Edition, Revised, with 

Additions, With numerous Illustrations, medium Svo, 15s. cloth. 

" The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 

k too well known to need any recommendation from us. it is one of the books with which every 

young architect must be equipped ; for time has showa that the specifications cannot be set aside 

yuough any defect in llicm"— A rcAitat. 
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Building ; Civil and EcclesieisticaL 

A BOOK OS BUILDING, Civil and Ecclesiastical, including 
. Church Restoration ; with the Theory of Domes and the Great Pyramid, &c 
By Sir Edmund Beckett, Bart., LL.D., F.R.A.S., Author of "Clocks and 
.Watches, and Bells," &c. Second Edition, Enlarged. Fcap. 8vo, 5s. cloth. 
" A t>ook which is always amuslngr and nearly always in&trucciTe. The style throus^iout is in 
the hftfhest degree condensed and epigranunatic."— TVm^x. 

VentUation of Buildings. 

VENTILATION. A Text Book to the Practice of the Art of 
Ventilating Buildings. With a Chapter upon Air Testing. By W. P. Buchan, 
R.P., Sanitary and Ventilating Engineer, Author of " Plumbine," &c. With 
I/O Illustrations. i2mo, 4s. cloth boards. iJ^t published. 

The Art of riumhing. 

PLUMBING, A Text Book io the Practice of the Art or Craft of 
the Plumber, with Supplementary Chapters on Home Drainage, embodying the 
latest Improvemi^its. By William Paton Buchan, R.P., Sanitary Engmeer 
and Practical Plumber. Fifth Edition, Enlarged to 370 pages, and 380 
Illustrations. i2mo, 4s. cloth boards. 
" A text book which may be safely put in the hands of erery young pliunber, and which will 

also be found useful by architec'^s and medical professors."— if /tt^i^r. 

" A valuable text book, and the only treatise which can bs r..garded as a rea!ly reliable manual 

of the plumber's ^xt.'— Building News. 

Geometry for the Architect^ Engineer ^ etc. 

PRACTICAL GEOMETRY, for the Architect, Engineer and 
Mechanic. Giving Rules for the Delineation and Application of varions 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of "The Science of Building," &c. Second Edition. With 17a Illns- 
trations, demy 8vo, 95. cloth. 

"No book with the same objects in view has ever been published In which the clearness of Um 
rules laid down and the illustrative diagrams have been so satisfactory."— ^a<;rmaj«. 

The Science of Geometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved 
by the mere Description of Circles, and the use of Coloured Diagrams and 
Symbols. By Oliver Byrne. Coloured Plates. Crown Svo, 3s. 6d, cloth. 

" The treatise is a good one, and remarkable— like all Mr. Byrne's contributions to the scienctt 
of geometry— for the lucid character of its teaching."— BuOdiug News. 
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Woods and Marbles (Im,itation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van dkr Buro and P. 
Van dbr Burg, Directors of the Rotterdam Painting Institution. Royal folio^ 
iS| by I2i in., Illustrated with 24 full-size Coloured Plates; also la plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £1 ii*,6d» 
• List of Plates. 

tr V£trinu5 Tooli niiulred ftir Wofjd PaioLing 
—i, 3, WaJnut: rrcHrrnltLafy StagirA rtf Gnunitig 
wnd Fifi^Bd Specimen — i. Tocib uacd for 
Mubla ^aifiEin^ aad McthDJ t4 ManipuliLtan— 
^6L St. Roinl AtiiTbLi!: Earlier Opcraticiu and 

different Ctauu, Kni^ts, *c.— a, g. A^ij f re- 
limlttafy' Stii^es and 1' mi tJltf ii ^^•oinep ^- to. 
Methods or Skctchicff Miul'lc EimiEi^ — it, ta. 
EiecJie MjJ-Ule; I'relinuiuiry Seokves or WiwifLng 
hud Fitu^ticd Sp'":imc?o— 15. Maple: MeUu'ui 



of Trciiiclng tbodiffcniEit r.niLris — 14, ti- IMfii's- 
eye Mapte: FminninBry Stniris aiul Pjdiili'Bd 



Finished Specimen— xo. Mai „ _, 

of various Grains and Methods of Manipulatioa 
, ai. Mahogany: Earlier Stages and Finished 



Specimen— aa, a^, 24. Sienna Marble : Varieties 
or Grain, Trehminary Stag'es and Finished 
Specimen— as. aS, 87. Juniper Wood : Methods 



of producing Grain, &c. : Preliminary Stages 
and Finished Specimen— 38, ag, go. Vert de 
Mpr Marble : Varieties of GJrain and Methods 



of Working Unfinished and Finished Speci- 
mens— 31. 33. 34. Oak : Varieties of Grain, Toob- 
Employed, and Methods of Manipulation, Pre* 



liminary Stages and Finished Specimen— 34, 45, 
36. Waulsort Marble: Varieties of Grain, |J» 
finiiJted and Finished Specimens. 



Marbla: Pn-JiiriCcmry ibta^m ui V i<»: ^yi -lAd 

%♦ Opinions of the Press. 
•• Those who desire to attain skill in the art of painting woods and marbles will find advantage 
In consulting this bqok. . . . Some of the Workmg Men's Clubs should give theu young men 
the opportunity to study it." — Builder. 

•• A comprehensive guide to the art The explanations of the processes, the manipulation and 
• management of the colours, and the beautifully executed plates will not be the least valuable to tlw 
itudent who amis at making his work a faithful transcript of nature/'—v^wiAfi/i N^wi. 



Spouse Decoration^ 

- ELEMENTARY DECORATION. A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, &c. By Jambs W. Facby, Jon. With 68 Cuts, ismo^ as. 
fcloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, the Arrangement of Colours in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By James William FaceY, Author of " Elementary 
I>ecoration," &c With numerous Illustrations. lamo, 2S. 6d, cloth limp. 
N.B,-^Ths above Two Works together in One Vol,, strongly half-bound, jj, 

Cfolour^ 

A GRAMMAR OF COLOURING, Applied to Decorative 
Painting and the Arts. By George Field. New Edition, Revised, Enlarged, 
and adapted to the use ol the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings, xamo, 3s. 6<l* 
cloth boards. 
**The book is a most usefiil rtsunu of the properties of pigments."— Pwt&fcr. 

Bouse Painting^ Ch'aininff, etc. 

HOUSE PAINTING. GRAINING, MARBLING, AND SIGN 

WRITING, A Practical Manual of. By Ellis A. Davidson. Fifth Edition. 

With Coloured Plates and Wood Engravings, xamo, 6s. cloth boards. 
** A mass of information, of use to the amateur and of value to the practical maxk."'-Btt£UsM 
Mfechauic 

"Simply Inraluable to the youngster entering upon this particular calling, and highly service* 
able to the man who is practising it. —Furniture GagtUe. 

X>ecorator8f Receipts for. * 

THE DECORATOR'S ASSISTANT: A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, 15. in wrapper. 
** Fun of receipts of value to decorators, pamters, gilders, &c. The book conuins the gtst of 

iBZger treatises on colour and technical processes. It would be difficult to meet with a work so full 

df varied information on Xh!t.^koX,et'szTt." —Building' News. 

" We recommend the work to all who, whether for pleasure oi profit, require a guide to decora* 

^iaaS'-Pluntber and Decorator, 

JkLoyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. MoYR Smith. Super-royal 8vo, with 32 full-page Plates and numerous 
smaller Illustrations, handsomely bound in cloth, gilt top, price 185. 
** The book is well illustrated and handsomely got up, and contains some true criticism and a 
^nood many good examples of decorative treatment. — The Builder. 

" This is the most daborate and beautiful work on the artistic decoration of interiors that we 
It-ive Seen. . . . The scrolls, panels and other designs from the author's own pen are very 
beautiful and chaste ; but he takes care that the designs of other men shall figure even more than 
bis oym."— Liverpool Albion. 

" To all who take an interest in elaborate domestic ornament this handsome vdume wiU be 
mAcomt."— Graphic. 

British and Foreign Marbles* 

: MARBLE DECORATION and the Terminology of British and 
Foreign Marbles. A Handbook for Students. By George H. Blag rove, 
Author of " Shoring and its Application," &c. With 28 Illustrations. Crown 
8vo, 35. 6d. cloth. 

" This most useful and much wanted handbook should be in the hands of every architect and 
hmldtT."-Buildin^ IVorld. 

** It is an excellent manual for students, and interesting to artistic readers generally."— 5a^Mr<fajr 
JUview. 

" A carefully and usefully written treatise ; the work is essentially practical."— ^Scv^iwom. 

Marble Working^ etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 
Architects, Artists, Masons and Students. Bv Arthur Lee, Author of *' A 
Visit to Carrara," " The Working of Marble," &c. Small crown 8vo, 2S. cloth . 
** A really valuable addition to the technical literature of architects and taMSQQS."—BMiiding 

o 
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DELAMOTTE'8 WORKS ON ILLUMINATION AND ALPHABETS. 



A PRIMER OF THE ART OF ILLUMINATION^, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
its exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Delamottb, New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 
"The examples of ancient MS^ fecommended to the student, which, with nradi good senses 

the author chooses from coQections accessible to all, are sdected with Juds^ment and knowledge. 

ts well as taste."— AtMenaum, 

ORNAMENTAL ALPHABETS, Ancient and Mediaval, from the 
Eighth Century t with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monogrsuns, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, En^vers, 
Carvers, &c. &c. Collected and Engraved bv F. Delamottb, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, ts. 6d, ornamental 
boards. 
" For those who Insert enamelled sentences round gilded chaHces, who blazon shop I^fends over 

Aop-doors, who letter church walls with pithy sentences from the Decalogue^ thb t)Ook wlUbe uso> 

tvL —Athtnaum, 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental: 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque; 
with several Origmal Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c 
Collected and Engraved by F. Dblamottb, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, 25. 64. ornamental boards. 
"There is comprised in it erery possible shape into which the letters of the iJphabet and 

numerals can be formed, and the talent which has been expended In the conception of^the vaxious 

plain and ornamental letters is ytODAet{vL"—Standard, 

MEDimVAL ALPHABETS AND INITIALS FOR ILLUMU 
HA TORS. By F. G. Dblamottb. Containing 2i Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 45. ornamental boards. 
" A Tolume in which the letters of tiie alphabet come fordi elorified In gilding andaU the ooloun 

of the prism interwoven and intertwined and intermingled."— %?m». 

THE EMBROIDERER'S BOOK OF DESIGN. Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediasval and Modem Alphabets, and National Emblems. Col- 
lected by F. Dblamottb, and printed in Colours, Oblong royal 8vo, zs. 6d, 
ornamental wrapper. 
"The book win be of great assistance to ladles and jonng children who are endowed with the 

art of plying the needle in this most ornamental and usentl pretty inuk,"—£ast AngUan Tima* 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; \dth 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, zs. in emblematic wrapper, 

" The handicraft of the wood-carver, so well as a book can Impart It; may be learnt firom * A 
Lady's ' pixbiicztion."— A tJtentgum. 

" The directions given are plain and easfly understood."->£^^£rA Mechanic, 

Glass Tainting. 

GLASS STAINING AND THE ART OF PAINTING ON 
GLA 55. From the German of Dr. Gbssbrt and Emam ubl Otto Frohberq. 
With an Appendix on Thb Art of Enambllimq, i2mo, as. 6d, cloth limp. 

Letter Tainting. 

THE ART OF LETTER PAINTING MADE EASY. By 
Jambs Grbiq Baobnoch. With za full-page Engravings of Examples, is. 6^. 
cloth limp. 

•^1 '."!?* ?ysiem is a simple or^ but quite original, and weD worth the cattAlI attfMM ^ tetti* 

t>ahit«rs| Jt 9an b^ «asUy mast^rfd ^nd t^m^mb^i§d,"'^SMiMin£ Nmit 



CA^P^^TUV, flMB^k, etb. XQ 



CARP ENTRY, TIMBER , etc, 

Tredgold^s Ca/rpentry^ JRevised S Enlarged by Tam^ 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties of Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C.E. with an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wymdham Tarn, M.A., Author of "The Science of Build- 
ing," &c. With 6x Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £1 55. cloth. 

••Ought to btt in every architect's and every builder's Ifbrixy."— Builder. 
•• A work whose monumental excellence must commend It wherever skilful carpentry Is con- 
cerned. The author's principles are rather confirmed than Impaired by time. The additional 
plate s are of great intrinsic value.''—Buildifig- News. 

Woodworking Machinery, 

WOODWORKING MACHINERY : Its Rise, Progress, and Con' 
struction. With Hints on the Management of Saw Mills and the Economical 
Conversion of Timber. Illustrated with Examples ol Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bale, 
A.M.ln8t.C.B.,M.I.M.E. Large crown 8vo, X25. 6d, cloth. 
" Mr. Bale is evidently an expert on the subject and he has collected so much Information tibat 

his book is all-sufficient for builders and others engaged in the conversion of timhGT."—j4rchitect. 
*'The most comprehensive compendium of wood-workii^ machinery we have seen. The 

airthor Is a thorough master of his suhiecC—Buiidini: News. 

" The appearance of this book at the present time will, we should think, give a considerable 

Impetus to the onward march of the machinist engaged in the designing and manufacture of 

wood-working machines. It should be in the office of every wood-working factory."— £/i^/«f A 

Mec/utnic, 

fiaw Mills. 

\ SA W MILLS : Their Arrangement and Management, and the 
\ Economical Conversion of Timber. (A Companion Volume to " Woodworking 

Machinery.") By M. Powis Bale. With numerous Illustrations. Crown 

8vo, 10*. ed. cloth. 

" The admtnistration of a laige sawing establishment is discussed, and the subject examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw-mills and the 
like are ^one into in detail, and the course of the thnber is traced from its reception to its 
delivery m its converted state. We could not desire a more complete or practical treatise."— 
Builder. 

" We highly recommend Mr. Bale's work to the attention and perusal of aU those who are en* 
gfaged in the art of wood conversion, or who are about building or remodelling saw-mills on im 
proved principles."— i9»>M(>i^ News, 

Carpentering. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementarv Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson's Standard 
Work. A New Edition, Revised by Arthur Ashpitel, F.S.A. Together 
with Practical Rules on Drawing, by George Pynb. With 74 Platesi 
4to, £1 15. cloth. 

ECandrailing and Stairhuilding. 

A PRACTICAL TREATISE, ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
CoLLiKGS. Second Edition, Revised and Enlarged^ to which is added A 
Treatise on Stairbuilding. With Plates and Diagrams, xamo, 2s. 6d, 
cloth limp. [Just published. 

•• Will be found of practical utility In the execution of this difficult branch of iomery."—Builaer. 
" Almost every difficult phase of this somewhat intricate branch of joinery is ducidated by the 
■Id of plates and explanatory let^srptess."— Furniture Gaxette, 

Circular Work. 

CIR^JLAR WORK IN CARPENTRY ^ND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of " A Practical Treatise on Handrailing." Illus- 
trated with numerous Diagrams. Second Edition. X2mo, 2$. 6d. cloth limp. 
" An excellent example of what a book of this kind should be. Cheap In price, dear in defiai- 
Hon and practical in the examples selected."— i/»M/rr* 
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Timber Merchunt's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM" 
PAN ION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Tiraoer to any given Price per Load of 50 Feet ; the proportionate 
Value of Deals and Battens by the Standard^ to Square Timber by the Load 
of 50 Feet ; the readiest mode of ascertainmg the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, &c &c. Bv 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3*. cf. 
** Everything is as concise and clear as it can possibly be made. There can be no doubt that 

every timber merchant and builder ought to possess it."— Hull Advertiser. 

" We are tflad to see a fourth edition of these admirable tables, which for correctness and 

simplicity of arrangement leave nothing to be desired."— Tiwfd^r Trades J ounial. 

"An exceedingly well-arranged, clear, and concise manual of tables for the use of all who buy 

or sell XixcA^et."— Journal of Forestry. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 

for the use of Building Contractors, Surveyors, Builders, &c., comprising 
- useful Tables for all purposes connected with the Timber Trade, Marks of 

Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 

&c. By w. Richardson. Fcap. 8vo, 3s. 6d. cloth. 

" This handy manual contains much valuable information for the use of timber merchants^ 
builders, foresters, and all others connected with the growth, sale, and manufacture of timber. '— 
Journal of Forestry. 

Timber Freight Booh. 

THE TIMBER MERCHANTS, SAW MILLERS, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker; together with a Chapter on *' Speeds of Saw 
Mill Machinery," by M. Powis Bale, M.LM.E., &c. i2mo. 3s. 6d. cl. boards. 
" A very useful manual of rules, tables, and memoranda relating to the timber trade. We re> 
commend it as a compendium of calculation to all timber measiurers and merchants, and as supply- 
ing a real want in the txAde."^Building- News. 

I^ackinff-Case MakerSf Tables for. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Second Edition. Oblong 4to, 3s. 6d, cl. 

" Invaluable labour-saving tables." — rronmonsrer. 
"Will save much labour and calculation."— Crocer, 

Superficial Measurem^ent. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 

SUREMENT, Tables calculated from i to 200 inches in length, by i to 108 

inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 

Merchants, Builders, &c By James Hawkimgs. Third edition. Fcap., 

3s. td. cloth. 

" A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any 

surface of which the limits have been ascertained can be instantly determined. The book will be 

found of the greatest utility to all engaged in building ooerations." — Scotsman. 

" These tables will be found of great assistance to all who require to make calcul&tidns in super* 
ficial measurement."— ^nf^trA Mec/tanic. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F,B. 
Hough. Large crown 8vo, los. cloth. 

Xitnber Im,porter^s Guide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND 
BUILDER'S STANDARD GUIDE. By Richard E. G randy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including. all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. lamo, «. cloth limp. 
" Everything it pretends to be : buUt up graduaOy, it leads one from a forest to a t 



throws in. as a makeweight, a host of materi^ coBcenynfc bricks, columns* cisterns, 8ic"—EngiisM^ 



MARINE ENGIN EERING, NAVIGATION, ite. 2t 

MARINE ENGINEERING, NAVIGATION, etc. 
Chain Cables. 

CHAIN CABLES AND CHAINS, Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical- Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. Bv Thomas W. Traill, F.E.R.n!, 
M. Inst. C.E., Engineef Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin« 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £z «. cloth, 
bevelled boards. 

•* It contains a vast amount of valuable Information. Nothingf seems to be wanting to make it 
a complete and standard work of reference on the suhiect,"—Nataicai Mag^ajgine, 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool, lamo, 5s. cloth boards. 
" Well adapted to give the youngf steamship engineer or manne engine and boiler maker a 

general mtroduction into his practical ■wotV.."— Mechanical World. 

^ " We feel sure that this thoroughly revised edition will continue to be as popular in the future 

as it has been in the past, as, for its size, it contains more useful information than any similar 

txeatise."— Industries. 

" As a compendious and useful guide to engineers of our mercantile and royal naval serviccf 

we should say it cannot be surpassed."— ^«tWi;(f News. 

The infomution given is both sound and sensible, and well qualified to direct young sea- 

fToing hands on the straight road to the extra chiet's certificate. Most useful to surve3ors, 

uspectori, draughtsmen, and all young engineers who take an interest in their profession."— 

Glasgow Herald, 
"An indiipensable manual for the student of marine ^n^eKAaig."— Liverpool Mercury^ 

]^ocTcet~Boohfor Naval Architects and Shipbuilders* 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula,Rules, and Tables,and MARINE ENGINEER'S 
AND SURV'EYOR'S Handy Book 0/ Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fourth 
Edition, Revised. With numerous Diagrams, &c. Fcap., 125. 6d. strongly 
bound in leather. 
"Should be used by an who are ensfaged in the construction or design of vessels. . . . Win 

be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 

from the best authorities, and put together in a popular and simple form."— Engineer. 

" The professional shipbuilder has now, in a convenient ana accessible form, reliable data for 

toiving many of the numerous problems that present themselves in the course of his yroric"— Iron. 
"There is scarcely a subject on which a naval architect or shipbuilder can require to refresh 

his memory which will not be found within the covers of Mr. Msic'kxoyir's'bo6k."—£figlishAfecJtanic 

Jt^ocket'Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR. 
MULjB FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 45. 
"We recommend it to our readers as going far to supply a long-felt \raxit."— Naval Science, 
"A most useful companion to all marine engineers."— £mite<^ .&rrnce GoMelte, 

Introduction to Marine Engineering. 

EL EMENTA R Y ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Mane^^ement of 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tables. By John Sherrbn Brewer, Government Marine Surveyor, Hong- 
kong. Smallcrown 8vo, 2s. cloth. 

" Contains much valuable information for the class for whom it is intended, especially in tlie 
chapters on the management of boilers and engines." — Nautical Ma^azxHt, 

•* A useful introduction to the more elaborate text books." — Scotsman. 

" To a student who has the requisite desire and resolve to attain a thorough knowledge, Mr. 
Brewer offers decidedly useful help." — Athenceum, 

Navigation. 

PRACTICAL NAVIGATION. Consisting of The Sailor's 
Sba-Book, by James Greenwood and W. H. Rosser : together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry Law, C-E., and Professor J. R, YoyNQ. lUugtr^ted. xamo, 7s, 
Strongly baU-boui}4> 
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Metalliferous Mining in the United Kingdom* 

BRITISH MINING : A Treatise on the Histoiy, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King- 



£2 2S. cloth. 

*'One of the most TahiaUe works of reference of modem times. Mr. Hunt as Ineper of mlnfng 
records of the United Kin«rdom, has had opportunities for such a task not enjoyed by anyono elseu 
and has evidently made the most of them. . . . The langfuage and style adopted are flrood, ana 
the treatment of the various subjects laborious, conscientious, and scieiia&c."—Bti£i$t€ennjr. 

"The book is, in fact^ a treasure-house of sutistlcal infonnation on mininer subjects, and w« 
know of no other work embodyingr so ereat a mass of matter of this kind. Were this the only 
merit of Mr. Hunt s volume, it would be sufficient to render it indispensable in this library of 
everyone interested in the development of the mining and metallurgical mdustries of this country." 
— Athenauttu 

" A mass of information not elsewhere available, and of the greatest value to those wbo mxf 
be interested in our ereat mineral indvetxies."— Engineer, 

"A sound, busmess-like collection of interesting facts. . . . The amount of informatloa 
Mr. Hunt has brought together is enormous. . . . The volume appears likely to convey more 
Instruction upon the subject than any work hitherto published."— JI/t»>^^ journal. 

Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Designed a 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Caleb Pamelt, Mininc^ 
Engineer and Surveyor : Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engineers. With nearly 500 Plans, DiagramSi and other 
Illustrations. Medium 8vo, about 600 pages. Price j^z 5s. strongly bound. 

[Just ready. 

Coal and Iron* 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM, Comprising a Description of the Ccal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History of 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 Bs. cloth. 
"The book is one wUch must find a place on the shelves of all interested fai coal and Iroa 

production, and in the iron, steel, and other metallurgical iadustries."— Engineer. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met 

... A book of reference which no one engaged in the iron or coal trades should omit from his 

library."— /fVM and Coal Trades Review, 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth EditioUi thoroughly Revised and Enlarged. Small 
crown 8vo, 3$. 6d. cloth. 

"Will supply a much felt want, especially among Colonists; in whose way ate so often thrown 
many mineraiogical specimens the value of which it is difficult to determine. —^wc'n^/^r. 

"How Iff find commercial minerals, and how to identify them when they are found, are the 
leading points to which attention is directed. The author has managed to pack a: much practical 
detail into his pages as would supply material for a book three times its slzc"—Miningr SFoumal, 

Mining Notes and Formtilce. 

NOTES AND FORMULM FOR MINING STUDENTS, By 

ioHN Herman Merivale, M.A., Certificated Colliery Manager, Professor of 
lining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo, 2s. 6d. cloth. [Just published, 
" Invaluable to anyone who is working up for an examination on mining subJects.'^C<)»/ and 
Iron Trades Revtrw. 

" The author has done his work in an exceedingly creditable manner, and has produced a book 
that will be of service to students, and those who are practically engaged in mining operations.''— 

-K.-'i„^ Jf ^* t^JJ"!l* °f *.?*=^J?'E^ ,"»«"««" of th« xtaaost value to roming engineers, and of consldcf" 
able interest to students. —5fAoo/»»aj/rr. 
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Explosives* 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eissler, Mining Engineer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold," " The 
Metallurgy of SHveri" &c. With about zoo Illustrations. Crown 8vo, 
105. 6d. cloth. [Just published, 

■ Useful not only to the miner, but aho to officers of both services to whom blasUng and the 

use of explosives genera'ly may at any time become a necessary auxiliary."— iVa/«r*. 

•' A veritab!e mine of mformation on the subject of explosives employed for military, mining 

and blasting purposes."— y^rwy a»d Navy Gazette. 

" The book is clearly written. Taken as a whole, we consider it an excellent little book and 

one that should be found of great service to miners and others who are engaged in work requirmg 

the use of explosives."— ^/A^«««w. 

Oold, Metallurgy of* 

THE METALLURGY OF GOLD: A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores. Including the Processes of 
Concentration and Chlorination, and the Assaying, Melting and Refining of 
Gold. By M. Eissler, Mining Engineer and Metallurgical Chemist, formerly 
Assistant Assayer of the U.S. Mint, San Francisco. Third Edition, Revised 
and greatly Enlarged. With 187 Illustrations. Crown 8vo, 12s, 6d. cloth, 

[Just published. 
" Thb book thoroughly deserves Its title of a ' Practical Treatise.' The whoJe process of gold 
mining, from the breaking of the quartz to the assay of the bullion, is described in clear and 
orderhr narrative and with much, but not too much, fulness of detail."— 5a/«r<iiij/ Review. 

** The work is a storehouse of information and valuable data, and we strongly recommend it to 
aH professional men engaged in the gold-mining industry."--^/t>(tV{£' JoumaL 

Silver, Metallurgy of, 

THE METALLURGY OF SILVER : A Practical Treatise on the 
Amalgamation^ Roasting and Lixiviation of Silver Ores. Including the 
Assaymg, Melting and Refining of Silver BuUioh. By M. Eissler, Author 
of "The Metallurgy of Gold." With 124 Illustrations. Crown 8vo, los. 6d. 
cloth. 
" A practical treatise, and a technical work which we are convinced will supply a long-felt want 

amongst practical men, and at the same time be of value to students and others mducctly connected 

with tne mdustries."— AAM/>t^ youmal. 

•* From first to last the book is thoroughly soimd and reliable."— Co//i^ Guardian. 

" For chemists, pracUcal miners, assayers and investors alike, we do not know of any woHc 

on the subject so handy and yet so comprehensive."— C/«j;^«7W Herald, 

Silver^Lead, Metallurgy of* 

THE METALLURGY OF ARGENTIFEROUS LEAD ORES: 
A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Illustrated with Plans and Sections of Smelting Furnaces 
and Plant in Europe and America. By M, Eissler, Author of "The Me- 
tallurgy of Gold," " The Metallurgy of Silver," &c. Cr. 8vo. [/» the press. 

Metalliferous Minerals and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, Ac, Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown 8vo, zas. 6d, cloth. 
" Neither the practical miner nor the general reader interested in mines can have a better book 

for his compatiion and his guide."— il/»;«tM^ yournal, 

•' We are doing our readers a service in cailing their attention to this valuable work "— 

Mining JVorld. 
" A book that will not only be useful to the geologist, the practical miner, and tne metallurgist, 

but also very interesting to the general public."— /roM. 

" As a history of. the present sute of mining throughout tiie world this book has a real value, 

and it supplies an actual vrzxii."'—Ath€naurtt. 

Marthy Minerals and Mining. 

A TREATISE ON EARTHY ^ OTHER MINERALS AND 
MINING. By D. C. Davies, F.G.S. Uniform with, and forming a Com- 
panion Volume to, the same Author's " Metalliferous Minerals and Mining." 
With 76 Wood Engravings. Second Edition. Crown 8vo, 12s. 6d. cloth. 
" We do not remember to have met with any English work on mining matters that contains 

the same amount of information packed in equally convenient iotm."— Academy. 

" We should be inclined to rank it as among the very best of the handy technical and tradas 

manuals W<i\\ l^ave recently appeared, "--^rf/»>A Qmrteri^ HcvieJV^ 
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Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the ValuO' 
tion of Mining Properties, with New Traverse Tables, By Wu. Lintbrn, 
Mining and Civil Engineer. Third Edition, with an Appendix on " Magnetio 
and Angular Surveying," with Records of the Peculiarities of Needle Dis* 
turbances. With Four Plates of Diagrams, Plans, &c zamo, 45. cloth. 

[Just published^ 
" Mr. Lintern's book forms a valuable and tfaorougbly trustworthy gaidt^—Jtvn and Coal 
Trades Review. 

" This new edition must be of the highest vahie to colliery surveyors, proprietors and mana- 
gers."— CoZ/^^ry Guardian. 

Asbestos and its Uses. 

ASBESTOS: Its Properties , Occurrence and Uses. With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, 12s. 6d. cloth. 

IJust published. 

- An interesting and inyaluable yrotk.'—CollUrv Guardian. 

" We counsel our readers to get this exceedingly interesting woric for themselves ; they wUl 
find in it much that is suggestive, and a great deal that is of immediate and practical usefulness."-* 
^,tilder. 

" A valuable addition to the architecf^ and engineer's U.braxy.''—Sttiidin£' Newts, 

Underground JPwmping Ma^hinery^ 

MINE DRAINAGE; Being a Complete and Practical Treatise 
on Direct-Acting Underjground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Eneines, their General Utility and 
the Special Sphere of their Action, the Mode of their Aiq;>lication, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
MicHELL. 8vo, 15s. cloth. 
"Will be highly esteemed by colUery owners and lessees; mining englneets, and students 

generally who require to be acquainted with the t>est means of securing the drainage of mines. It 

b a most valuable woric, and stands almost alone in the literature of steam pumping machinery."— 

Colliery Guardian. 

" Much valuable Informalion is given, so that the book is thoroughly worthy of an ejctendv* 

circulation amongst practical men and purchasers of machinery." — Minirig journal. 

Mining Tools. 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By Williau Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, xamo, 2s. 6d, cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 45. 6d. cloth. 
"Studtfcts in the science of mining; and overmen, captains, managers, and viewers may gain 

practical knowledge and useful hints by the study of Mr. Morgans' manual.'— C^i/hrr)' Guardtan. 
" A valuable work, which will tend materially to improve our mining literature."— 3fx»<nir 

journal. 

Voal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
the late Sir Warington W.Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
iiumercus Illustrations. i2mo, 45. cloth boards. [.y*'st published, 

" As an outline is given of every known coal-field in this and otfier countries, as well as of th« 

C*pc ipal methods of working, the book will doubtless interest a very large number of readers.*— 
ining youmal, 

Suhterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwice, 
Surveyor of Mines, and Thomas BakeRi C.E. lUust. xamo, 3s. cloth boards. 

Granite Quan*ying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
Gf.orge F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^ologie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, 2S. 6d. cloth. 
"A clearly and well-wriiten manual for persons engaged or interested in the granite industry." 

•• An Interesting work, which wiU be dcsi^rvcdly estetmed."—Calliery Guardian. 
An exceed iritljr interesting and valuable monograph on a subject which has hitherto received 
ttnaccountai ly lltite attenUon i» the sjiap? of sjsiewaiis Uttlftfy tr^a.ipeut.' VifP^/ifA Uoekti 
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.Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 
MODERN RULES, FORMULAE, TABLES AND DATA, By H. R. 
Kempe, M.Inst.E.E., A. M.Inst C.E., Technical Officer Postal Telegraphs, 
Author of •♦ A Handbook of Electrical Testing," Sec, With numerous Illus- 
trations, royal 32010, oblong. 55. leather. Uf««« published, 
•• There is very little in the shape of formulae or data which the electrician is Ulicly to want 

In a huiry which cannot be found in its pages."—Prac/zral Ejigitteer. 

•• A very useful book of reference for daily use in practical electrical engineering and tts 

'various applications to the industries of the present day."— /row. 
" It is the best book of its Vxiidi"— Electrical Engineer, 
•• We 1 arranged and compact. The Electrical Engineer's Pocket- Book is a good one. — 

Electrician. 

• Strongly recommended to those engaged ia the various electrical industries."— ^^/rtoa/ 

Electric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 
With numerous Illustrations, crown 8vo, 5s. cloth. [Jttst published. 

"This volume deals with what may be termed the mechanics of electric lighting, and is 
a'ldress«d to m -n who are already engaged in the work or are training for it. The work traverses 
a KTVit d« al of ground, and may Se read as a sequd to the same author's useful work on ' Electric 
Light.' "—Electrician. 

** This is an attempt to state in the simplest language the precautions which should be adopted 
in instal ing the electnc light, and to give rnformation,K>r the guidance of those who have to run 
the plant when installed. The book is well worth the perusal of the workmen for whom it is 
w.itten." — Electrical Rewew, 

* Emini^ntly practical and useful. . . . Ought to be in the hands of everyone in charge of 
an electr.c light plant."— AYifc/nca/ E.ugineer, 

" Altogether Mr. Urquhart has succeeded In producing a fally capital book, wh'.ch we have 
no hfisitaiion in recommending to the notice of working eLciricians and electrical engineers. ~ 
AlcihantccU H'orld. 

Electric lAghU 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment cf Dynamo-Electric Machines, Baterles, 
Accumulators, and Electric Lamps, by J. W. Urquhart, C.E., Author of 
" Electric Light Fiitine." "Electroplating," &c. Fourth Edition, carefully 
Revised, with Large Additions and 145 lUustiaticns. Crown 8vo, 75. 6i cloth. 

[Just published. 
" The book is by far the best that we have yet met with on the sablecV—Athetueum. 
" It is the only work at present available which gives, in language mtelligible for the most part 

to the ordinary reader, a general but concise historv of the means which have b«en adopted up to 

the present time in producing the electric light."— J^rfn5^»to«. ^ . ^ . . .. 

••The book contains a general account of the means adopted In producing the electric Hght, 

not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 

machine in several of its foxms."— Colliery Guardian, 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians in Charge, With Examples of 
leading English, American and Continental Dynamos and Motors. By J. W. 
Urquhart, Author of ••Electric Light," ••Electric Light Fitting," &o. 
Crown 8vo. U'* the pf^.%. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. Bv 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Prebcb, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, I2x. 6d. cloth. 

" The original plan of this book has been carefully adhered to so as to make It a reflex of the 
existing state of electrical science, adapted for students. . . . Discovery sectps to have pro* 

Sressed with marvellous strides ; nevertheless it has now apparently ceased, and practical appiica 
ons have commenced their career : and it is to give d faithful account of these that this fresh 
edition of Dr. Noad's valuable text-book is launched (ot1ii."—Ejaraa/rom /niroducti^n by fV. H, 
Preece, Esq. 

" We can recommend Dr. Noad's book for clear style, great range of subject, a good ii^dex 
and a plethora of woodcuts. Such collections as the present are indispensable.''— ytt/ienaufn. 

" An admirable te&t bo^k fgr every student — beeunor or 9dvau9ed — of tlectriC^ty."^ 
Lttgineerin^f 
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Electric Idghtina. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING, By Alan A. Campbbll Swinton, Associate I.E.E. Second Editioii« 
Enlargea and Revised. With i6 Illustrations. Crown 8vo, Z5. 6<l. cloth. 
"Anyone who de^es a short and thoroug^hly clear expoddon of the elementary principles of 
tfectric-Uffhting cannot do better than read this little yrot)L. —Sratiford Obxtrvr, 

Electricity. 

A MANUAL OF ELECTRICITY: Including Galvanism, Mag^ 
netism, Dia-Magnetismt Electro-Dynamics, Maeno-Electricity, and the Electric 
Telegraph. By Hbmrt M. Noad, Ph.D., F.K.S., F.C.S. Fourth Edition. 
With 500 Woodcuts. 8vo, £i 4*. cloth. 
"It is worthy of a place in the library of every pubHc institution.''— Afi>(A|r youmak 

Dynatno Construction. 

HOW TO MAKE A DYNAMO : A Practical Treatise for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfred Crofts. 
Third Edition, Revised and Enlarged. Crown 8vo, 2s. cloth. [Just published, 
"The instnicdons given in this unpretentious little book are sufficiently clear ana explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's workshop, to build a practical dynamo machine."— £i^<^rician, 
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Pneumatics and Acoustics. 

PNEUMATICS : including Acoustics and the Phenomena of Wind 
Currents, for the Use of Begmners. By Charles Toulinson, F.R.S., 
F.C.S., &C. Fourth Edition, Enlarged. With numerous Illustrations. 
z2mo, IS. 6d. cloth. 

" B^inners in the study of this important application of sdence could not have a better maniiaL** 
^.•Scotsman. 

" A valuable and suitable text-book for students of Acoustics and the Phenomena of Wind 
CuTteats."—Scho0imaster, 

Conchblogy. 

A MANUAL OF THE MOLLUSCA : Being a TreaUse on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palaeontologist in the British Museum. With an Appendix on Recent and 
Fossil Conchological Discoveries, by Ralph Tate, A.L.S., F.G.S. Illustrated 
by A. N. Waterhouse and Toseph Wilson Lowry. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., 1880. Cr. 8vo, 7$. 6d. cl. 
" A most valuable storehouse of conchological and geological information.''— ^Sc^ryuy Gcss^, 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of "Physical Geology," which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., &c. &c. With 250 Illustrations, zamo, 5s. 
cloth boards. 

*' The fiilness of Ae matter has elevated the book Into a manual. Its informadoa Is exhaasttve 
and wdl axtwaged,"— School Board Chronicle. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. By Gborqb W, 
Victor lb Vaux. Numerous Illustrations. Fcap. 8vo, 5s. clotn. 
" A valuable contribution to the evidences of Revelation, and disposes very concluslvdy of the 
arsfuments of those who would sst God's Works against God's Word. No real difficulty is shirked, 
and no sophistry is left unexposed."— r^ RocA. 

" The remarkable peculiarity of this author is that he combines an unbounded admiration of 
science with an unbounded admiration of the Written record. The two impulses are balanced to 
a nicety ; and the consequence is that difficulties, which to minds less evenly poised would be seri- 
ous, find immediate solutions of the happiest Ithids."— 'London Review. 

Astronomy. 

ASTRONOMY, By the late Rev. Robert Main, M.A., F.R.S., 
formerly Radclifife Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thynne Lynn, B.A., F.R.A.S., 
formerly of the Royal Observatory, Greenwich, ismo, 25. cloth limp. 
" a sound and simple treatise, very carefuDy edited, and a capital book for beginners. "-«- 
KnoTolfds^'.. [Nonal Times. 

•• Accurately brought (Jown to the requirements of Uie present tii»e by Mr. Lyno."— ^(^wfflj- 
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DR. LARDNER '8 COURSE OF NATURAL PHILOSOPHY, 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 

written by Benjamin Loswt, F.R.A.S. With 378 Illustrations. Post 8vO| 

6s. cloth. 

"The perspicuity of tti6 orieinal has been retained, and chapters which had become obsoleta 
have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to show the application of the various tranches of 
physics to the industrial arts, and to the practical bumness of mt"— Mining youmal. 

"Mr. Loewy has careftilly revised the book, and broug^ht it up to modem requirements."— 
Nature. 

"Natural philosophy has had few exponents more able or better skilled In the art of [ 
larisinsr the subject than Dr. Lardner ; and Mr. Loewy is dolngr good service in fitting this t 
and the others of the series, for use at the present ^xat,"^ScotsmaH, 

THE HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

New Edition, Revised and Enlarged, by Bbnjauin Loewy, F.R^.S. With 

236 Illustrations. Post 8vo, 5s. cloth. 

"For those 'who desire to attain an accurate knowledge of phydcal science without the pco* 
found methods of mathematical investigation,' this work is not merely intended, but well adapted.** 
'—Chemical News. 

" The volume before tis has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been adued. . . . It u a valuable text-book." 
—Nature, 

•• Candidates for pass examinations will find it^ we tUnk, specially suited to thdr requirements.** 
English Mechanic, 

THE HANDBOOK OP HEAT. Edited and almost entirely re- 
written by Benjamin Loewy, F.R.A.S., &c. 1x7 Illustrations. Post 8vo, 6s. 
cloth. 
" The style Is always clear and precise, and conveys Instruction without leaving any cloudiness 

or lurking doubts behind."— £«^'«^*n>i^. 

" A most exhaustive book on the subject on which It treats, and Is so arranged that It can b« 

tmderstood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied laws and efiiects of heat."— >S/i>n<fan/. 
"A complete and handy text-hook for the use of students and general xeajian,"-~Etiglish 

Mechanic, 

THE HANDBOOK OP OPTICS, ByDiONYSius Lardnbr,D.C.L., 

formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 398 Illustrations. Small 8vo, 448 
pages, 55. cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated." 
Mechanics Magazifu, 

THE HANDBOOK OP ELECTRICITY, MAGNETISM, AND 
ACOUSTICS, By Dr. Lardner. Ninth Thousand. Edit, by George Carey 
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 55. cloth. 
" The book could not have been entrusted to anyone better calculated to preserve the terse and 

tudd style of Lardner, while correcting his errors and bringing up his work to the present state of 

scientinc koawl&iee."— Poplar Science Review, 



THE HANDBOOK OP ASTRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy.'* By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin. 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. In One Vol., small 8vo, 550 pages, 9s. 6d. cloth. 
" Probably no other book contains the same amount of information In so compendious and well- 
arranged a form—certainly none at the price at which this is offered to the puh\ic"—j4thenaum. 

"We can do no other than pronounce this work a most valuable manual of astronomy, and w« 
stronfi^y recommend it to all who wish to acquire a general— but at the ta m^ time correct— acquaint- 
ance with this sublime science. "—j^Kar/^/fy journal of Science. 

"One of the most deservedly popular books on the subject . . . We would recommend not 
only the student of the elementary principles of the science, but he who aims at mastering the 
higher and mathematical branches of astronomy, not to be without this work beside him."— ^oc/^ 
cat hfa^atitu. 

Dr. Lardner^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardnbr. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. X40 Illustrations. Small 
Svo, 2S. 6d. cloth. 
"One Q( the most readable books extant on the electric Telegraph."— J?«^/»>A Afechanie, 



28 CROSBY LOCKWOOD 6* SON*S CATALOGUE. 

DR. LARDNER'8 MUSEUM OF SCIENCE- AND ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor ol Natural Philosophy and 
Astronomv in University College, London. With apwards of x.aoo kngrav- 
ings on Wood. In 6 Double Volumes, £i is., in a new and elegant cloth bind- 
ing i or handsomely bound in half-morocco, 31s. 6d, 

%* Opinions of thb Press. 

•a. u ^J? ****** besides affording popular but sound instruction on scientific subjects^ wHh whkk 
ine humblest man in the country ought to be acquainted, also undertakes that teaching of * Com* 
mon Things ' wliich every well-wisher of his kind is anxious to promote. Many thousand copies of 
this serviceable publication have been printed, in the beUef and hope that the desire for tnstruction 
and improvement widely prevails : and we have no fear that such enlightened £tith wiU meat with 
(Usappoutment."— rtm^r. 

. " ^ cheap and interesting publication, alike informing and attractlTe. The papers combin* 
subjects of mfiportance and great scientific luiowledge, considerable inductive powers and a 
popular style of^ txnAtment.'— Spectator. 

"The 'Museum of Science and Art' is the most iraluable contribution that has ever been 
made to the Scientific Instruction d every class of society."— Sir DAVID Brbwstbr, in tii* 
North British Revitw. 

'• Whether we consider the liberality and beauty of the illustrations, the charm of die wiitii«i 
or the durable interest of the matter, we must express our belief that there is hardly to be found 
among the new books one that would be welcomed by peopl* of so many ages and classes as a 
vaiuable present."--£«»i^«<r. * •- •- * -* 

*«* Separate boohs formed from the above, suitable for Workmen^s Libraries, 
Science Classes, etc. 

Common Things Eoeplained. Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 333 Illaa* 
trations, cloth gilt, 5s. 

The Microscope. Containing Optical Images, Maepoifying Glasses, Origiii 
and Description of the Microscope, Microscopic Oojects, the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 Illustrations, clolb 
gilt, 2S. 

Popular Geology, Containing Earthquakes and Volcanoes, the Cmst of 
the Earth, &c. 20X Illustrations, cloth ^It, 2s, 64. 

JPopular Physics, Containing; Maniitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, Sec. 85 Illustrations, cloth gilt, 2s. 6d, 

Steam and its Uses, Including the Steam Engine, the Locomotive, and 
Steam Navigation 89 Illustrations, cloth gilt, zs. 

Popular Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Infla- 
ences, &c. 182 Illustrations, 45. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illnstra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, as. 

The Electric Telegraph PoptUarized, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the variona 
forms of Telegraphy in Actual Operation. zoo Illustrations, cloth giU( 
w.W. 

Dr. Lardner^s School Handhoolcs. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbr. 

3«8 Illustrations. Sixth Edition. One Vol., 3s. 64. cloth. 

" A very convenient class-book for Junior students in private schools. It is Intended to c o n ? <y. 
In cleat and precise terms, generai notions of all the principal divisions of Physical Scienoe."** 
British Quarterly Revieiu. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardne*. 

With 190 Illustrations. Second Edition. One Vol., 3s. 64. cloth. 
"Clearly written, treU anans;ed. and esceUently mustrated,''--Canfw«s;'x Cbrcaid^ 
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COUNTING- HOUSE WORK, TABLES, etc. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the Ko- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
B]r Emile Garckb and J. M. Fells. Third Edition. Demy 8vo, 250 pages, 
price 65. strongly bound. 
•'A very interesting description of the requirements of Factory Accounts. . . . the principle 

of assimilatinsf the Factory Accounts to the sfeneral conunercial books is one which we thoroughly 

l£ree intli."— Accountants' journal. 

" Characterised hy extreme thoroughness. There are few owners of Factories who would 

not derive great benefit from the perusal of this most admirable ytoxk."— Local Government 

CMronicie, 

Foreign Cotntnercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Beirfg 
Aids to Commercial Correspondence in Five Languages— English, French, 
German, Italian and Spanish. By Conrad £. Baker. Second Edition, 
Revised. Crown 8vo, 3s. 6d. cloth. 

•• Whoever wishes to correspond in a'l the languages mentioned by Mr. Baker cannot do better 
dian study this work, the materials of which are excellent and conveniently arrani;ed. They con- 
sist not of entire specimen letters, but what are far moie usetul— short passages, sentences, or 
phrases expressing the same general idea in various forms."— A tJtenaum. 

" A careful examination nos convinced ils that it is unusually complete, well arranged and 
rdbble. The book is a thoroughly good one."— ScJioo/master, 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR ; or. Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Daniel O'Gorman. Corrected and Extended by J, R. Young, formerly 
Professor of Mathematics at Belfast College, Twenty-seventh Edition, care- 
fully Revised by C. N orris. Fcap. 8vo, zs, 6d, cloth limp ; or, 3s. 6d. strongly 
half-bound in leather. 
" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in 

commerce or manufacturing industry. It is crammed full of rules and formulae for ^ort^ing and 

employing C3lc\ilations."—Know/ed£-e. 

" Sui>plies special and rapid methods for all kinds of calculations. Of great utility to persons 

engaged in any Idnd of commercial transactions."— S'co/xmaM. 

Modern Metrical Units and Systems. 

MODERN METROLOGY: A Manual of the Metrical Units 
and Systems of the Present Century, With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of " Aid 
to Survey Practice," &c. Large crown 8vo, 12s. 6ti. cloth. 
"The author has brought together much valuable and hiteresting information. . , . Wa 

cannot but recommend the work to the consideration of all interested in the practical reform of ouf 

weights and measures."— Wo/Mr;. 

"For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstra* 

Uons of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 

treatise is withput a rival."— ^ox&my. 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent, By C. H. Dowling, C.E. 8vo, xos. td. strongly bound. 
** Their accuracy has been certified by Professor Airy, the Astronomer-Rmral."— ^wtfc/^r. 
**Mr. Dowling's Tables are well put together as a ready-reckoner for the conversion of one 
system into the oVcivt."^Athenaum. 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION. For 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from IS. per cwt. to ii25. per cwt., and from one farthing per pound to one 
shilling per pound. Each Table extends from one pound to xoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
ot Superficies and Solids, &c. ; also Tables of Weights of Materials, and other 
Useful Memoranda. By Thos. Downie. Strongly bound in leather, 396 pp., as, 
** A most useful set of tables, and will supply a want, for nothing like them before existed. — 

SttiUUnr News. 

** Although specially adapteJ to the iron and metal trades, the tables will be found useful In 

Mtsy other busmess in wUcb merchandise is bought and sokl by yr^hU"—IUtiiiimy Newt 



Calculator for Numbers and Weights Combined* 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU- 
LATOR, Containing upwards of 250,000 Separate Calculations, showing at 
a glance the value at 422 difierent rates, ranging from rKth of a Penny to 
SOS. each, or per cwt., and £20 per ton, of any number ot articles consecu< 
lively, from i to 470.— Any number of cwts., qrs., and lbs., from x cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from i to 1,000 tons. By 
William Chadwick, PubUc Accountant. Third Edition, Revised and Im< 
proved. 8vo, price 185., strongly bound for Office wear and tear, {^ust published, 
*,♦ This work is specially adapted for the Apportionment of Mileage Charges 

for Railway Traffic. 

t^ This comprehensive and entirely unique and original Calculator is adapted 

for the use of Accountants and Auditors, Railway Companies, Canal Companies, 

Shippers, Shipping Agents, General Carriers, etc, 

tronfounders, Brassfounders, Metal Merchants, Iron Manufacturers,Ironmon^ers, 

Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder 

Makers, Colliery Proprietors, etc. 

Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers 

Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants and 

General Wholesale Tradesmen, 

*»* Opinions of the Press. 

"The book contains the answers to questions, and not simply a set of Ingenious pozde 
methods of arririne at results. It is as easy of reference for any answer or any nunlber of answers 
as a dictionary, and the references are even more quickly made. For makingf up accounts or esti> 
mates, the boolc must prove invaluable to all who have any considerable quantity of calculations 
Involvine price and measure in any combination to do."— E»£iftter. 

" The most perfect work of the kind yet prepared."— C^Asx^vw HeraH, 

Com^prehensive Weight CalctUator. 

, THE WEIGHT CALCULATOR, Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting 9U One Reference the exact 
Value of any Weight from x lb, to 15 tons, at 300 Progressive Rates, from id, 
to x68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a smgle addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Harbbn, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
strongly half-bound, £1 5s. 
" A practical and useful work of reference for men of business sfeneraUy ; It is the best of tho 

Wnd we have seen." —Irottmoftzer. 

"Of priceless value to buauiess men. It is a necessary book in all mercantile offices.'-^A^- 

fieid IndtpettdttU, 

Comprehensive Discount Guide. 

1 THE DISCOUNT GUIDE. Comprising several Series of 
Tables for the use of Merchants, Manufacturers^ Ironmongers, and others, 
by which may be ascertained the exact Profit arismg from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from i\ to 
go per cent., Tables of Discount from i^ to 98I per cent., and Tables of Com< 
mission, &c., from \ to 10 per cent. Bv Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
, Demy 8vo, 544 pp. half-bound, £1 ss. 



" A book such as this can only be appreciated by business men, to whom the savine <^ time 

QS saving: of money. We have the mgh authority of Professor J. R. Young that the tables 

throughout the work are constructed upon strictly accurate principles. The work is a model 



of typographical clearness, and must prova of great vidue to merchants, manufacturers, and 
general traders."— -ffriWjA TreuU yourmil. 

Iron Shipbuilders' and Merchants' Weight Tables. 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers and Iron Merchants, Containing the Calculated Weignts of up- 
wards of 150,000 difierent sizes of Iron Plates, from x foot by 6 in. by \ in. to 
10 feet bv 5 feet by x in. Worked out on the basis of ^o lbs. to the square 
foot of Iro:i of x inch in thickness. CareluUy compiled and thoroughly Re- 
vised by H. BuRLiNsoN and W. H. Simpson. Oblong 4to, 25s. half-bound. 
••This work will be found of great utility. The authors have had much practical experience 

lt>f what is wantin(( in making estimates; and th« use of the book Mill sai9 much time in making 

elaborate calculations."— ^»^/i;r^ Mechanic 
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INDUSTRI AL AND USEF UL ARTS. 
Soap-making. 

THE ART OF SOAP-MAKING ; A Practical Handbook of th$ 
lianufactuu of Hard and Soft Soaps, Toilet Soaps, 'etc. Including many New 
Processes, and a Chapter on the Recovery of Glvcerlne from waste Leys. 
By Alexander Watt, Author ol " Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Fourth Edition, Revised ana Enlarged. 
Crown 8vo, ys. 6d, cloth. [Just published. 

** The work will proT« rery nsefiil, not merely to the technological student; bat to the pnctical 

aoap-boUer who wishes to understand the theory of his 9xt,"—Cktmical News, 

"Mr. Watt's book is a thoroughly practical treatise on an art which has almost no literature la 

our lansruage. We consnratulate the author on the success of his endeaYOUE to fill a Tpid in EnfUsll 

technical literatiure."— AWwrr. 

IPaper Making, 

THE ART OF PAPER MAKING : A Practical Handbook ofth$ 
Manufacture of Paper from Rags, Esparto, Straw and other Fibrous Materials, 
Including the Manufacture of Pulp from Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt. 
With Illustrations. Crown 8vo, ys. 6d* cloth. [Just published, 

"This book is succinct, lucid, thoroughly practical, and includes everything of interest to the 

modem paper maker. It Is the latest, most practical and most complete work on the paper-making 

art before the British public."— Pa/er Record. 

* It may be regarded as the standard work on the subject. The book is full of valuaUe in> 

formation. The ' Art of Paper-making.' is in every respect a model of a text-book, either for a 

technical class or for the private student."— /*a^r<r«rf Printing' Trades yottmal. 

*• Admirably adapted for general as well as ordinary technical reference, and as a handbook 

for students in technical education may be warmly commended."— r/i«/V>/^rAfa>(^rVil/<7/{//(^ 

journal. 

Leather Manufacture. 

. THE ART OF LEATHER MANUFACTURE. Being a 
\ Practical Handbook, in which the Operations of Tanning, Curryine, and 
\ Leather Dressing are fully Described, the Principles of Tanning Explained 

and many Recent Processes introduced. By Alexander Watt, Author of 

" Soap-Making," &c. With numerous Illustrations. Second Edition. Crown 

8vo, 95. cloth. 

**A soimd, comprehensive treatise on taniUng and Its accessories. This book Is an eminently 
valuable production, which redounds to the credit ot both author and publishers." — Chenticat 
Eeview. 

"This volume Is technical without being tedious, comprehensive and complete without being 
prosy, and it bears on every pa^^ the impress of a master hand. We have never come across a 
better trade treatise, nor one tluit so thoroughly supplied an absolute ynaf'—SAct and LeeUher 
Treuiei Chronicle, 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
. Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 

Making, with a Description of the most approved Machinery employed. 

By John B. Lbno, late Editor of 5^ Crispin, and The Boot and Shoe-Maker. 

With numerous Illustrations. Third Edition. x2mo, 2s. cloth limp. 

•• This excellent treatise Is by far the best work ever written on the subject. A new work, 
embracing all modem improvements, was much wanted. This want is now satisfied. The chaptet 
on clicking, which shows now waste may be prevented, will save 6tty times the price of the book." 
SooUish Leather Trader, 

Dentistry. 

MECHANICAL DENTISTRY: A Practical Treatise on tk$ 

Construction of the various kinds of Artificial Dentures, Comprising also Use- 
ful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c 
By Charles Hunter. Third Edition, Revised. With upwards of zoo 
wood Engravings. Crown 8vo, 3s. 6d. cloth. 

"The work is very practical."— i/i^wM^y Review o/" Dental Suty^ery. 

" Wc can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
Of dentistry, as welTas to every mechanical dentist."— Z^M^/iM youmalqf Medical Science, 

Wood Engraving. 

WOOD ENGRA VING : 4 Practical and Easy Introduction to the 
Study of the Art. By William Noruan Brown. Second Edition. With 
numerous Illustrations. i2mo, is. 6d. cloth limp. 

"The book is clear and complete, and will be useftil to anyone Wanting to understand the first 
Ikmtnu of the beaatiful art of wood engraving."— Crtt/A^t* 
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HAHDYBQQK8 FOR^HANDICRAFTS. By PAUL N, HA8LU0K. 

Metal Turning. 

THE METAL TURNER^S HANDYBOOK, A PracHcal Manual 
for Workers at the Foot-Lathe: Embracing Information on the Tools, 
Appliances and Processes employe i in Metal Turning. By Paul N. Has- 
LucK, Author of " Lathe- Work." With upwards of One Hundred Illustra- 
tions. Second Edition, Revised. Crown 8vo, 2S. cloth. 
•* Qearly and concisely written, excellent in every vay. "—Mechaniail IForld, 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck. With 
upwards of One Hundred Illustrations. Crown 8vo, 2S. cloth. 
"We recommend the book to youne turners and amateurs. A multitude of workmen have 
hitherto sought in vain for a manual of this special 'md\isXiy."—Mec/tanicaU ffdrUL 

WOOD AND METAL TURNING, By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 300 pp , with upwards of 
200 Illustrations, crown 8vo, 3s. 6d. cloth. 

Watch Hepairing, 

. THE WATCH JOBBER'S HANDYBOOK. A PracHcal Manual 
on Cleaningt Repairing and Adjusting, Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Watchwork. By Paul N. 
Hasluck. With upwards of One Hundred Illustrations. Cr. 8vo, 2S. cloth. 
** All young persons connected with the trade should acquire and study this excellent, and at 

the same time, inexpen^ve ■woT]L."—CUrkeniueU Chronick. 

Clock Repairing, 

THE CLOCK JOBBER'S HANDYBOOK : A Practical Manual 
on Cleaning, Repairing and Adjusting. Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Clockwork. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Cr. 8vo, 2S. cloth. 
•* Of inestimable service to those commencing the xxAdn."— Coventry Standard. 

WATCH AND CLOCK JOBBING. By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 320 pp., with upwards of 
200 Illustrations, crown 8vo, 3s. 6d. cloth. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual, embracing Information on the Tools, Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul N. Hasluck. 
With One Hundred Illustrations. Crown 8vo, as. cloth. 

"This handy volume contains sound information of considerable value to students and 
■rtlficers."— //amwar* Trades youmal. 

Mechanical Manipulation. 

THE MECHANICS WORKSHOP HANDYBOOK. A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda, 
By Paul N. Hasluck. Crown 8vo, «. cloth. 

•• It is a book which should be found in every workshop, as it is one which will be continually 
referred to for a very great amount of standard information."— 5'a/«rc'aj' Review. 

Model Engineering. 

THE MODEL ENGINEER'S HANDYBOOK : A Practical 
Manual on Model Steam Engines. Embracing Information on the Tools, 
Materials and Processes Employed in their Construction. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Crown 8vo, as. cloth. 
•• By carefully going through the work, amateurs may pick up an excellent notion of the coo* 
Struction of full-sized stt am engines."— 7V/leyra/Ai;c yournal. 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK: A Practical 
Manual, embracing Information on the Tools, Materials, Appliances and 
Processes employed in Cabinet Work. By Paul N. Hasluck, Author of 
•• Lathe Work," &c. With upwards of 100 Illustrations. Crown 8vo, as. 
cirth. iftist published. 

•■ ThorougWy practical throughout. The amateur worker in wood wiU find U nicbt ubefuU"— 
Qlas£(rw Herald, 
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Electrolysis of Oold, Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
0/ Gold, Silver t Copper^ Nickel, and other Metals and Alloys, With descrip. 
tions of Voltaic ^tteries. Magneto and Dynamo-Electnc Machines, Ther- 
mopiles, and of the Materials and Processes nsed in every Department of 
the Art, and several Chapters on Electron Metallurgy. By Alexander 
Watt. Third Edition, Revised and Corrected. Crown 8vo, 9s. cloth. 
"Eminenthr a book for the practical worker in electro-depositioii. It cootalos practical 

descriptions of methods; processes and materials as actually pursued and used fai the workshop." 

-^Engitutr, 

ElectrO'MetaUurgy. 

ELECTRO-METALLURGY: Practically TreaUd, By Alexander 
Watt. Author of " Electro-Deposition," &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent 
Processes, ismo, 45. cloth boards. 

*'From this book both amateur and axtisui may learn everything necessafy fbr the succesAil 
prosecution of electroplating."— /rvM. 

Electroplating. 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &o. 
With Descriptions of the Chemicals, Materials, 'Batteries and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E. Second Edition, with 
Additions. Numerous Illustrations. Crown 8vo, 5s. cloth. 
** An excellent practical manual." — EttffineeriMg', 
** An excellent work, giving the newest information.''— iTtyrv/dS'iss/ yourtuU, 

EHectrotyping. 

ELECTROTYPING : The Reproduction and Multiplication of Print- 

ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 

Urquhast, C.E. Crown 8vo, 5s. cloth. 

*The book Is thoroughly practical. The reader is, therefore, conducted through the leading 
vm of electricity, then through the metab used by electrotypers, the appcuratua, ana the dei>ositing 
processes, up to the final preparation of the work."— ^rf jimmai. 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saukier, by Julien Trip- 
PLiN, F.R.A.S., and Edward Rigo, M.A., Assayer in the Royal Mint With 
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £2 2S. 
cloth ; £2 105. half-calf. 

*' There is no horological work in the English languj^pe at all to be compared to this produc* 
<ion of M. Saunier's for deamess and completeness. It is alike good as a guide for the student and 
as a reference for the experienced hondogist and skilled woriunan." — Horologiail journal. 

" The latest, the most complete, and the most reliaUe of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their English bretiiren 
—in fact, the Book of Books, b M. Saunier's * Treatise,'"-' fFatchmaJier, yeweiierandSitversmith, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK, A Workshop Com- 
panion for those engaged in Watchmaking and the Allied Mechanical Arts. 
From the French of Claudius Saunier. Enlarged by Julien Tripplin, 
F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint Woodcuts 
and Copper Plates. Third Edition, Revised. Crown 8vo, 9s. cloth. 
>* Each part is truly a treatise in itself. The arrangement is good and the language is clear and 
ise. It is an admirable guide for the young watchmaker."— /:f^»«rr»n^. 
* It Is impossible to speak too highly of its excellence. It fulfils every requirement ki a hand« 

itook faitended for the use of a workman."— Afoifc* and Clockmaker. 

** This book contains an immense number of practical details bearing on the daUy occupation 

ofa watchmaker."— fra<^A/n«irr atid Metalworker (Chicago|. 

Goldsmiths^ Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Gee, 
Jeweller, &c. Third Edition, considerably Enlarged. x2mo, 3s. 6d. cl. bds. 
"A good, socnd educator, and will be accepted as an vutiMiky,"-^Horoleigical JoMmal, 

Silversmiths^ Work* 

THE SILVERSMITH'S HANDBOOK. By George E. Gee. 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations, zamoi 
3s. 6d, cloth boards. 
■'Workers in the trade will speedily discover its merits when they lit down to study if— 
English Mechanic, . 

*«* The above two works together, strongly half-bound, price 7s. 

D 
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Bread and Biscuit Baking, 

THE BREAD AND BISCUIT BAKER'S AND SUGAR^ 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
With Remarks on,the Art of Bread-making. By Robert Wells, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, 2s. cloth. 

[Just published, 
" A large number of wrinkles for the ordinary cook, as well as the haHaex"— Saturday Review* 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE: 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robert Wells, Author of " The Bread and Biscuit Baker's and 
Sugar Boiler's Assistant." Crown 8vo, as. cloth. [Jmt published » 

" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this \x>6k.."—BaJbtrs' Times. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
Confectioners and Pastrycooks ; including a variety of Modern Recipes, and 
Remarks on Decorative and Coloured Wdrk. With 129 Original Designs. 
By Robert Wells. Crown 8vo, 5s. clotb. 

"A valuable work, practical, and should be in the hands of every baker and confectioner. 
The iUustraiive designs are alone worth treble the amount charged for the whole viotV."- Bakers^ 
Jinus. 

Flour Confectionery. 

THE MODERN FLOUR CONFECTIONER. Wholesale and 
Retail. Containing a large Collection of Reci{)es for Cheap Cakes, Biscuits, 
&c. With Remarks on the Ingredients used in their Manufacture, &c. By 
R. Wells, Author of "Ornamental Confectionery," "The Bread and Biscuit 
Baker," *' The Pastrycook's Guide," &c. Crown 8vo, 2s. cloth. 

[Just published. 

Laundry Work. 

LA UN DRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundry Work. By the Editor of "The Laundry 
Journal." With numerous Illustrations. Crown 8vo, 2s. 6rf. cloth. 

CHEMICAL MA NUFACTURES & COMMERCE. 

Alkali Trade, Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 

Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 

By John Lomas. ago pages. With 232 Illustrations and Working Drawings. 

Second Edition. Royal 8vo, £1 los. cloth. 

"This book is written by a manufacturer for manufacturers. The working details of the most 
approved forms of apparatus are given, and these are accompanied by no less than Ma wood en* 
giavings, all of which may be used for the purposes of construction. Every step in tte nianaiiu> 
tare is very fiiUy described in this manual, and each improvement ex:p\aia»±."—Athefueum, . 

27^6 Blourpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut. -Col. W. A« 
Ross, R.A. With 120 Illtistrations. New Edition. Crown 8vo, 5s. 
"The student who goes through the course of experimentation here laid down will gain a 
better insight into inoiganic chemistry and mineralogy than if he had 'got' up' any of the best 
tCKt-books ot the day, and passed any number of examinations in their contents.'^— CAcw/m/ News, 

Commercial Chem^ical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA^ 
LYSIS; or. Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures,Trade8, and the Arts. 
By A. Normandy. New Edition by H. M. Noad, F.R.S. Cr. 8vo, 12s. 6d. cl. 
"Essential to the analysts appointed under the new Act, Tho most racent lesults axeeiveii. 
and the work is weU edited and carefiiUy written."— Aii/Kr*. ^^ ^^ ^^ "repven, ^ 
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Brewing. - 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. An Entirely New Edition, much Enlarged. 

[/» the press. 

Analysis and Valuation of Fuels, 

FUELS: SOLID, LIQUID AND GASEOUS, Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., Analytical and Consalting Chemist to the Great Eastern Railway. 
Crown 8vo, 35. 6d. cloth. IJust published 

" Ought to have its place in the laboratory of every metallurgical establishment, and wherever 

fuel is used on a large sc\le."—CJ^mical News. 

" Mr. Phillips' new book cannot fail to be of wide interest, especially at the present time."— 

Iiai:7vay Nrws. 

I>y€'Wares and Colours. 

THE MANUAL OF COLOURS AND •^DYE-WARES : Their 
Properties, Applications, Valuation^ Impurities, and Sophistications. For the 
use of DyerSj Printers, Drysalters, Brokers, &c. By J. W. Slater. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, ys. 6d. cloth. 
"A complete enc^rclopsedia of the materia tinctoria. The information given respecting each 

article is full and precise, and the methods of determining the value of articles such as these, so 

liable to sophistication, are given with clearness, and are practical as well as valuable."— C^mi;/ 

and Druggist. 

•• There is no other work which covers precisely the same ground. To students preparing 

or examinations in dyeing and printing it will prove exceedingly Msiti\A."—Ctteinical Nexus. 

Pigments, 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations; Effects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Purity. Together with the Science and Arts 
JDepartment's Examination Questions on Painting. By H. C. Standaoe. 
Second Edition. Crown 8vo, 2$. 6d. cloth. 

" This work is indeed muUum-in-farvo^ and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers or users."— CArmura/ Review, 

Gauging. Tables and Mules for Revenue Officers^ 

BrewerB, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. Oblong i8mo, 4s. leather, with elastic band. L3["^' published. 

" This handy and useful book is adapted to the requirements of the Inland Revenue Depart- 
ment, and will be a favourite book of reference. The range of subjects is comprehensive, and the 
arrangement simple and clear." — Civilian. 

"Should be in the hands of every practical brewer."— ^rfw^rx* youmat. 
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Touatt and Burn's Complete Orazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT, A Compendium ox Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feeding, and General 
Management of Stock ; the Management of the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, the use of Implements and Machines, and 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of Manures. By William Youatt, Esq., V.S., and Robert Scott 
Burn. A New Edition, partly Re-Written and greatly Enlarged by 
W. Fream, B.Sc. Lond., LL.D. One large 8vo Volume, nearly i.oco pages. 

[In preparation. 

AgHcultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
Fellow of the Highland and Agricultural Society ; late Professor of Agricul- 
ture, Glasgow Veterinary College. Third Edition. Royal 32mo, full roan, 
gilt edges, with elastic band, 45. 
•• The most complete and comprehensive Note-book for Farmers and Farm Students that we 

have seen. It literally teems with mformation, and we can cordially recommend it to all connected 

with agrcuUXaxe."— North British Agriculturist. 



36 CROSBY LOCKWOOD ^ SON'S CATALOGUE. 

Flour ManufacturCf MiUinff, etc. 

FLOUR MANUFACTURE: A Treatise on MiUing Science 
and Practice. Bv Fribdricm Kicf, Imperial Regiemngsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P.Powlbs, A.M.I.C.^. Nearly 400 pp. Illostrateo 
witn 28 Folding Plates, and 167 Woodcuts. Royal 8vo, 255. cloth. 
* This yaluaUe work is, and win ronaln, the standard authority on the sdence oi mDIfaie. . • 
The mtll«r v/ho has read and digested this work will have laid the foundation, so to speak, of a mc- 

• ' "--- -' " ----'-•- •^'-•- "^ -oceed to 

in good. 



" The appearance of this celebrated work in Enelish is very opportune, and British nUUefS 
wW, we are sure, not be slow in availinflr thonselres ofits pagti. —MiUers' Gasett*. 

Small Farming* 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm, Being an Introduction to Modern Farm Practice for Small Farmers 
in the Culture of Crops; The Feeding of Cattle; The Management of the 
Dairy, Poultry and Pigs, &c. &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management." Numerous Illusts., cr. 8vo, 6s. cloth. 
" This is the completest book of its class we hare seen, and one which every amateur farmer 
win read with pleasure and accept as a guide."— ^t^/^/. 

" The volume contains a vast amount of useful information. No branch of farming is le't 
untouched, from the labour to be done to the results achieved. It may be safely recommended to 
all who tliink they wiU be in paradise when they buy or rent a three-acre iaxm."—Gtmgow Herald. 

Modem Farming. 

OUTLINES OF MODERN FARMING, By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming Economy— Cattle, Sheep, 
and Horses — Management of Dairy, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half> 
bound, profusely Illustrated, z2<. 

" The aim of the author has been to make his woric at once comprehendve and tru st wo r t hy, 
and In this aim he has succeeded to a degree which entitles him to much credit."— J/tfm^^ 
jtdzfertiser, " No farmer should be without this hook."— Bandury Guardian. 

Agricultural Engineering* 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 

Comprising Draining and Embanking; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines; Field 
Implements and Machines ; Agricultural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the " Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, Sec* &c 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, las. 
"Written with great care, as weU as with knowledge and abffity. The author has done his 
work well ; we have found tiim a very trustworthy guide wherever we have tested his 1' ' 



The volimie wiU be of great value to agricultural students."— i1/ar>ft Lan€ Express, 

"For a young agriculturist we Icnow of ^no liandy volume likely to be more oseAilly studied.** 
—BelTs Weekly Messenger, 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Ed., Re vised, with Additions. i8mo, 2s. 6d. cl. [Just published. 
** Amost comprehensive volume, giving a mass of information."— 4^H^/rMm/ Economist. 
"It is a long time since we have seen a book which has pleased us morcb or which contains 
such a vast and useful fund of knowledge."— £<^tMa/M»a/ Times. 

Tables for Famners^ etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Graziers, Agricultural Students, Surveyors, Land Agents Auc- 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidney Fr\ncis. Second Edition, Revised. 27a pp., waist- 
coat-pocket size, IS. 6d, limp leather. [Just published, 
" Weighh.g less than i oz., and occupying no more space than a match box, it contains a mass 
•r facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the fcrm is dealt with. The work may be taken as thoroughly accurate, the whole of 
tne Ubles having been revised by Dr. Fream. We cordially recommend it."— Bell's fTeeJbly 
Messenger, 

" A marvellous little book. . , . The agriculturist who possesses himself of it wtU not be 
disappointed wiih his Investment."— 7A* Farm. 



